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REPORT 

OF THE 

Sewerage Commission. 



To the Honorable, 

The Mayor and City Council of Baltimore: 

The Sewerage Commission has the honor to submit a 
farther report in accordance with the duty assigned to it 
under the loHowiug joint resolution: 

^^ Whereas, It appears that the recommendation made 
by the Sewerage Commission in its report, daled Sep- 
tember 20, 1897, that the disposal of the city's sewage be 
by discharge into the Chesapeake Bay, causes api>rehen- 
sion that the waters of the bay may be thereby polluted 
and the oyster interests be thus affected unfavorably; 

'^Mesolved by the Mayor and Oily Council of Baltimore, 
That the Sewerage Commission be and it is hereby author- 
ized and directed to malie further investigation and report 
what is, in their judgment, the best alternative plan which, 
whilst proving effective in the disposal of the sewage, wiJl 
serve to relieve all public apprehension of pollution to 
the waters of the Chesapeake Bay." 

"Approved March 18, 1898." 

"Wm. T..MAL8TER, Mayor.'''' 

As directed by this resolution, the Commission has 
reconsidered the recommendations of its report, submitted 
under date of September 30, 1897, and has carefully revised , 
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the estimates therein made. It finds no reason to abate 
its confidence in the conclusions and recommendations of 
that report, and reiterates its belief that the true and moat 
economical method of disposal of the domestic sewage of 
the City of Baltimore is by discharge into the Chesapeake 
Bay at a distance from the western shore of from one to 
two miles, where, remote from any usable oyster beds, it 
will be diluted, diffused and oxidized by the enormous 
discharge of the Susquehanna River, and will be practically 
destroyed without causing offense anywhere along the 
shores of the bay and without affecting deleteriously either 
the oyster itself or the commercial interests concerned 
therewith. 

The existing storm-water drains, freed from the pollu- 
tion of domestic sewage and cess-pool overflows, will empty, 
as now, into Jones' Palls and the harbor, carrying nothing 
but street washings and leaving the basin free from most 
of the putrefying organic matter which is the great cause 
of its offensive condition now so generally and justly 
complained of. 

The waters of the bay, which already dispose of the 
sewage from the larger towns and cities along the shores 
of the Susquehanna River and its tributaries, with popu- 
lation now aggregating upwards of 700,000, and also those 
of the Patuxent, Potom&c, Rappahannock, York, James 
and Elizabeth Rivers, with a population now reaching 
600,000, not mentioning those of less important tributaries 
on the eastern shore of the bay, will really receive, by 
reason of such discharge, little more than is already 
carried there, other than what will be due to the further 
growth of the city; for the present foulness of the Patapsco 
finds its Way there sooner or later. The dredgings of our 
basin and Jones' Falls, loaded into scows, are now dumped 
there, and much, even of the night soil of the city, when 
removed and distributed upon farm lands along the shores 
t of the Patapsco or its tributaries, soon reaches the bay 
through the action of rainfall. 
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POLLUTION OF OYSTERS. 

Whilst it has been very clearly established, as well in 
this country as in England and in France, that oysters 
exposed to sewage contamination may breed disease when 
eaten uncooked, yet so far as we have been able to ascertain, 
such effect has only been found where oysters have been 
planted in, or transplanted to, in-shore localities . for 
development or fattening, or for convenience of storage 
near market, and have there been directly exposed to the 
sewage outfall of more or less populous districts. The only 
records of such effects which have reached ns have been 
due to exposures within short distance of the outlet of 
pollution, and we have the expressed opinion of investi- 
gators against the probability of any such risk with increas- 
ing distance.* 

Sir Richard Thorne Thorne, M.D., F.R.S., a high 
authority, says, speaking of layings, fattening beds or 
storage ponds round the English coast, "But as regards the 
majority of them any such polluting matter becomes mixed 
with so vast a bulk of water that it is difficult to see how 
the layings can be subjected to anything approaching 
siibstantial risk of deleterious influence." 

Again — "So also the dilution of the sewage is * * * 
at times, indeed, so considerable that the chances of sewage 
contamination hardly call for notice. "t 

Dr. H. Timbrel] Bulstrode says, speaking of the exposure 
of the Mumbles oysters on Swansea Bay, "The sewage of 
Swansea finds its way into Swansea Bay some three or four 
miles distant from the layings. The amount of dilution 
which Swansea sewage must undergo in crossing the bay, 
if as a matter of fact it can cross it, mnst needs be so great 

•Report of Sewerage Commission, September 20, 1897, pp 53 et seq. ; alao 
Report of Dr. G. S. Buchanan to the Local Government Board, (England 
and Wales,) Felirnarj 19, 1898. 

fSir Uichard Thorne Thorne, M.D., Report to the Local Government Board, 
(England and Wales,) on Oyater- Culture in Relation to Disease, October, 
1896, pp. ix., liii. 
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as to render a consideration of it in relation to the Mum- 
bles oyster beds unnecessary."* 

Again, in speaking of the oyster fisheries of the Biver 
Medway, he says: "The oyster layings in the Medway are 
situated in positions quite remote from habitations, in 
fact in positions which are by land very difficult of access. 
* * * As regards these layings it must, I think, be held 
that they are largely protected by their position and the 
enormous volume of water in the Medway." 

Farther, the same investigator says: "Obviously it is 
possible to reduce to an absurdity the demand for absolute 
freedom of food supplies from such risks, and to regard, 
for instance, all articles of food exposed to the ordinary 
atmospheric conditions of towns as liable to specific con- 
tamination, more especially if ];egacdJS)e had to the some- 
what cosmopolitan distribution of bacillus colt. Ag re- 
gards oysters it would not be difficult to argue that even 
the deep-sea oyster beds maj, iutheory, not be entirely free 
from risk of dangerous eottteminatwm." 

CHARACTERISTICS OP THE CHESAPEAKE BAY. 

The Chesapeake Bay, into which this Commission has 
proposed and still recommends to discharge the sewage 
of the city, amounting in the somewhat distant future 
to a maximum daily flow of 126 million gallons or 194 
cubic feet per second, covers an area of some 2,500 square 
miles, exclusive of lateral estuaries, and has a total length 
of about 190 miles from the mouth of the Susquehanna 
River to the sea. The point recommended for the dis- 
charge of the sewage of Baltimore is distant about 30 
miles from the head of the bay and is some 160 miles from 
the sea. It is designated on the accompanying map of the 
bay, Plate I, by the point marked K. The depth increases 
from the shores to a maximum in the channels of 75 feet 
at the upper end, and to 215 feet before the southern line 
of Maryland is reached. 

'Report to the Local Goreritmeiit Board, October, lti96, pp. 53, SI, 82. 
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OF THE CITY OF BALTIMORE. II 

At its upper end it receives the outpour from the Sus- 
quehanna River, the dry weather flow of which has been 
variously estimated between 15,000 cubic feet and 35,000 
cubic feet per second. Lower down there is added to its 
waters the discharge from innumerable tributaries, great 
and small, giving an additional volume of fresh water, 
which may be estimated at 41,000 cubic feet per second,' 
mean dry-weather flow. 

It may thus be seen that the Chesapeake Bay is not a 
stagnant pool without current adequate to protect and 
purify itself from defilement of any sort, nor a mere arm 
of the sea depending entirely for such puriflcation on the 
agitation of its waters by the tides ; but is in reality a 
great estuary with a tributary water-shed of some 71,000 
square miles, receiving a constant accession of fresh water 
at an average rate throughout the year of approximately 
133,000 cubic feet per second. Of this fresh water rather 
more than two-fifths is received at the upper end of the 
bay and above the point where it is proposed to discharge 
the sewage of Baltimore. 

If to this volume of fresh water there be compared the 
output of sewage, which in the future may attain to as 
much as 194 cubic feet per second and of which less than 
one-thousandth part consists of organic matter, the ratio 
is found to be so small that the idea of contamination or 
defilement of the waters of the bay thereby seems to have 
slight foundation. 

The diagrams, figures 1 and 2, show by inspection the 
relative volumes under consideration. 

TYPHOID INFECTION. 

It must, however, be borne in mind that it is not from 
the sewage itself that detriment to the oyster is appre- 
hended. All fish life in the waters of the bay is de- 
pendent for its support upon the organic matter suspended 
in its waters. This it takes up, digests and assimilates. 
The alleged ground for apprehension is found in the possi- 
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bility that the typhoid bacillus, discharged from the 
bowels of a patient in the city, may survive not only the 
long voyage through the sewers for some 15 miles to the 
deep waters of the bay, but, still living, may continue its 
voyage till it happens to strike an oyster bed, although 
there are now none within several miles of the proposed 
point of sewage outfall. If the bacillus is taken in by the 
mouth of an oyster, that probably ends its possibilty for 
evil; for we have authority for the statement that the 
typhoid bacillus does not develop and increase in the 
stomach or tissues of the oyster, but is digested by it, 
and soon disappears, leaving no trace. . 

The chance remains, however, that the bacillus may 
lodge on an oyster and not be taken into its stomach. This 
oyster may be dredged with thousands of others, and be 
conveyed to market. Here, instead of being "processed" 
by heat and packed in cans or otherwise for other and 
distant markets, it may happen to be eaten raw. Now 
comes the only chance of trouble. If this bacillus, still 
surviving all the knocking about it has had since it left 
its birth-place and habitat in a human intestine in Balti- 
more many days before, should happen to be caught on 
the oyster knife and delivered with the oyster to an in- 
dividual, whose stomach is out of condition and only 
waiting to be attacked, then, and only then, we have the 
catastrophe — a case of typhoid fever. 

It may be well here to quote an extract or two from a 
paper recently read before the Sanitary Congress at Bir- 
mingham, England, by Samuel Rideal, D. Sc, F. I. C, of 
London, England, {a gentleman to whom your Commission 
is indebted for other valuable information). He says: 

"A question frequently raised is the possibility of an 
effluent conveying disease germs. By this time it is well 
known that fortunately pathogenic bacteria as a rule do 
not thrive much below blood heat, and that they are rap- 
idly crowded out and destroyed by the ordinary bacteria 
existing in common waters, and still more by the immense 
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numbers present in sewage. I need hardly refer to the 
fact that the typhoid bacillus has only in rare cases been 
found .even in waters and sewages to which it must 
obviously have penetrated. This disappearance is clearly 
explained by some experiments of Dr. Sims Woodhead at 
Exeter, when he found that crude sewages containing 
about half a million organisms per cubic centimetre when 
inoculated into the filtered effluent of a septic tank devel- 
oped more than one thousand millions in five days, thus 
overwhelming any pathogenic bacteria that might be pres- 
ent. In the same Local Government Board inquiry Dr. 
Pickard specially investigated the typhoid microbe with 
reference to the action of crude sewage on it and to the 
effect of a filter bed on those germs which had survived a 
short exposure. He concluded that the sewage itself, even 
when sterilized, 'was not only a bad food, but an actual 
poison' to these bacteria; that in the septic tank they suf- 
fered a rapid destruction, and that the filter beds effect a 
further biological elimination, 'so that there is no chance 
whatever of the filtered effluent causing typhoid fever if 
passed into the river.' " 

The Health Commissioner of Baltimore reported 363 
cases of typhoid fever in Baltimore in 1897, very nearly 
one case for every day in the year. 

The average duration of each case that recovers is esti- 
mated at 60 days, including the period of incubation, so 
that we may assume there were existing every day 60 cases 
of the disease in varioiis stages. 

Now, if we estimate that 100 gallons of water per day 
are used by each one of the sick, we have- 6,000 gallons 
daily as liable to contain germs of this disease out of some 
69j4 millions of gallons, the estimated future flow of sew- 
age from a population equal to that of 1897. That is about 
95 hogsheads of sewage liable to contain germs of typhoid 
out of lA millions of such hogsheads daily discharged into 
the bay. 

This proportion is shown graphically by diagram, figure 3. 
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It is claimed, and we believe, that if proper attention be 
paid to the protection of our present water supply, and 
care be taken to inspect the sources whence milk is fur- 
nished to the city, there will be a marked reduction in the 
present typhoid rate. When, in addition, we have a prop- 
erly constructed sewerage system, whereby cess-pools, no 
longer a necessity, will be in fact absolutely prohibited, 
we shall be rid of one of the readiest facilities for the 
conveyance of disease. 

Excrementitious matter generally need never then be 
exposed to flies, which now pass freely from our present 
out-buildings or privies directly to the adjacent kitchens, 
where their contact with food means immediate pollution. 
That these insects are a potent means of disseminating dis- 
ease does not admit of doubt. 

In an address, delivered before the Maryland Public 
Health Association in February, 1897, Dr. William Osier, 
P.R.S,, of the Medical Faculty of Johns Hopkins Univer- 
sity, remarked: "We may confidently expect, with the 
completion of a good sewerage system, the present 
(typhoid) death rate of Baltimore, about 40 per 100,000, to 
fall to that of the cities of the first class, from 4 to 8 per 
100,000 inhabitants." 

Surely with such conditions of improvement there need 
be little fear that an oyster reposing on its distant bed 
will suffer injury by contact with a wandering bacillus 
from one of the very small number of typhoid victims 
which may possibly still be found within our then care- 
fully guarded city. 

It would appear to be equally unreasonable to appre- , 
hend that the organisms of disease contained in the sewage 
can survive such dilution and dispersion and remain a 
menace of any importance to the oysters, there being at 
present no workable beds of merchantable oysters within 
several miles of the outlet heretofore recommended. 

As it has been thought possible that oyster beds may in 
the future develop around the point of proposed outfall, 



D.qit.zeaOvGoOt^lc 



cur THE CITY OF BALTmORK. 1$ 

it may be deemed llie part of prudence to prohibit by 
law the taking of oysters for market within a distance of 
say four miles in all directions from such point. Slionld 
oysters hereafter be found there they need not be lost to 
coramerce, but may be used under special license for 
transplanting to other localities, there being ample 
authority for the assertion that oysters exposed to and 
even inocculated with typhoid germs become freed from 
such germs in from one to three weeks after being trans- 
ferred to a stream of clean sea water.* 

Ayith such provision there would be no more exposure of 
marketable oysters to disease germs than already exists and 
probably always will exist, for the oysters are now mainly 
taken from the more shallow waters along the shore and 
largely from the lateral estuaries, where they are surely 
more exposed to chances of defilement from the sewage 
of the cities and towns located on the banks of the several 
tributaries of the bay than will be the deep water oysters, 
or those of the bay generally, from the sewage of Balti- 
more. 

An important consideration in favor of a discharge of 
the sewage into the bay not hitherto mentioned, is that 
with a gravity outfall the city provides itself with what 
mUy be regarded as a great safety outlet, less liable to be 
interfered with by accidents to machinery than is the case 
with other methods of disposal more dependent on pumping 
for removing the sewage as fast as collected. 

However, if our fellow- citizens are not inclined to avail 
of this, the natural and most economical method of dis- 
posal, and should determine to have something else, leav- 

'ProoeediDgs of the Acad^mie de Medicine of Paris, quoted in Appendix 4, 
Tweuty-fouTth Annnal Report of the British Local Government Board for 
1894-'95 on Oyster Culture iu Relation to Disease, p. 174. 

Report by Dr. Klein on his Bacteriological Researches in Appendii 2, 
Twenty-fourth Annual Report of the British Local (jovernment Board (or 
I894-'95 on Oyster Culture in Relation to Disease, p. 120. 

A paper by Professors W. A. Herdnian, F. K. S., and Robert Boyce, read 
before the Royal Society January 19, ltf99, and quoted in ''Natnre," vol. 59, 
p. 306- 
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ing the economies of the dilution method to be enjoyed 
by our neighbors, whilst we make use of some much more 
expensive system, nothing remains for your Commission, 
under its instructions, than to point out sach other method 
as seems to it available, though it be much more costly 
to construct and operate. 

ALTERNATIVE PLANS. 

In the report of this Commission made September 20, 
1897, there were summarized three methods of disposal: 

First. By dilution into the waters of the bay. 

Second. By chemical precipitation of the solids and 
disposal of the effluent into the river or bay. 

Third. By filtration upon lands in Anne Arundel 
County. 

Of these the second was eliminated as offering no advan- 
tages when either the first 'or tjiird could be made to serve 
efficiently the desired end, unless indeed as a temporary 
expedient, etc. The first and third methods were then dis- 
cussed and their cost compared, with the resulting con- 
elusion of the Commission to recommend the first. 

In place of this, the Commission, under its instructions, 
might have been expected to recur to the third method, 
or filtration upon land, as the only alternative plan. 
However, since the publication of the report already. 
referred to, there have been developed certain bacteriolytic 
processes of sewage treatment, which are now receiving 
much attention, particularly in England. For some of 
these great efficiency is claimed, and your Commission has 
deemed it proper to investigate these methods, to ascertain 
if by their aid the necessity for carrying the sewage to the 
agricultural filtratration fields can be avoided, and its puri- 
fication effected in a degree sufficient to admit of its dis- 
charge into the Patapsco River at a point nearer to the 
city than hitherto deemed admissible, involving at the same 
time less outlay for construction and annual maintenance. 
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It was suggested that the Commission should go abroad 
and examine for itself the working of these several modes 
of sewage treatment. This it was not possible to arrange 
immediately, owing to the home engagements of the 
several members, and it was concluded, with the approval 
of the Mayor, to engage instead the services of an English 
engineer to investigate and report upon the subject,' 

For this work the services of Mr. James Mansergh, of 
London, Vice-President of the Institution of Civil Engi- 
neers, Member of the Institution of Mechanical Engineers, 
etc., etc., a civil engineer of great experience and much 
distinction, were obtained.- His report is presented here- 
with. (See Appendix F). Its conclusions are considered 
farther on. 

Of the two methods discussed in detail in the former 
report of the Commission, the first proposed to collect and 
convey the sewage to the eastward -on -its way to the bay; 
the other was designed, by a system flowing in an opposite 
direction, to collect and convey it to the southward, and 
under the Patapsco River to the Anne Arundel shore on 
its way to the filtration fields. (See Plate II.) 

Both these plana have been revised with some modifica- 
tion of the original dimensions, and in the case of Project C, 
with a change of location of a portion of the lines of out- 
fall, involving thereby some change in the location of the 
fields on which the outfall would be received. The details 
of these revisions are fully given in Appendixes B and D, 
where the revision of Project C is termed Project D, and 
that of Project K becomes Project L. 

It has also been deemed expedient to include in the capital 
cost of the works the yarious district sewers, leaving only 
the smaller street and alley laterals, as the "reticulation 
system," to be provided for by direct assessment on the 
property immediately benefited. In the report of Sep- 
tember 20, 1897, the cost of these district mains was 
included in the reticulation system, but in all the estimates 
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of the present report their cost forms part of the amount 
to be raised by a general loan. 

This tevised plan, hereinafter referred to as Project D, can be 
made available in its first installation for a population in 
connection with the sewers of abont 300,000 from the low- 
level districts at an estimated coat in capital outlay of $3,188,118 

It will take from three to five years from the starting of the 
work. to eSeet its progress to this extent. During this time 
there will be also constructed t^ie system of laterals, which 
we have termed the reticulation system, to the extent needed 
to connect with the sewers the 200,000 population estimated 
for. The cost of these laterals should be met by a direct 
assessment against the property at onoe benefited thereby, 
as for street improvements. It is estimated at $1,500,000. 
This first opening of a portion of the low-level system may be 
followed by a commencement of work on the high-level sys- 
tem, and the extension to completion of the low-level system 
with snch degree of rapidity only as the financial condition 
of the city and the demands of an increasing population may 
make necessary or desirable. These extensions, when suffi- 
ciently developed in future years to serve a population of 
one million, are estimated to involve a farther capital 
ontlay of 6,672,123 

And of a farther snm for the laterals of the reticulation sys- 
tem, to be assessed as before, against the property directly 
benefited, gradually, and as the various districts are brought 
into oonneotion with the system, at a cost of $3,080,000.00, 

making a total outlay when the works are completed, to be 

met by city loans, amounting to $9,860,241 

And of assessments directly against the property benefited 4,580,000 

A grand total cost $14,440,241 

It is quite impossible at this stage of the problem to de- 
termine the property frontage against which the cost of 
the reticulation will be assessed, for there is a large area 
of the city in which the streets are not as yet laid out or 
established. However, from the beat data available, it is 
believed that an assessment of $1.95 per front foot will 
fully cover the cost of this portion of the work. 

The total cost of Filtration Project C was given in the report 

of 1897 as $17,476,803 

And now, as revised for Project D 14,440,241 

A reduction of : $3,036,562 
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A revision of Project K, hereinafter in its revised form 
termed Project L, is here submitted : 

The coat of Project L, »t first installation serving » popnlation 
in connection with the sewera of about 200,000, and inclading 
coat of district sewers, is estimated at a capital snm, to be 
provided by loan, of * *3,202,846 

The oonstruction of the laterals or reticnlation system, by which 
connection will be effected with the 200,000 population to be 
first served, will go on simultaneously with the outfall system 
at an estimated cost to be asaesaed against the property 
directly benefited of $1,500,000. 

The extension of the works to take in the other districts of the 
city will proceed at such rate as may be deemed expedient, 
and, when developed to an extent to serve the forecast popu- 
lation of one million, is estimated to cost the additional capital 
somof 2,370,486 

And a inrther sum for the laterals of the reticnlation system, 
to be assessed against the property directly benefited, of 
$3,080,000,00, making the total estimated outlay, when the 



lents against property benefited. . 



A grand total cost for the revised Dilution Project L of $10,153,331 

The total cost of Dilution Project K was given in the report of 

1897 as $10,495,167 

And now as revised for Project L • 10,153,331 



A reduction of -. $341,836 

As the cost of the reticulation is assumed to be the same 
with either project, and as it is proposed to meet it by 
direct assessment on the properties benefited, further dis- 
cussion of the question of the cost of the different pro- 
jects will have reference only to the amounts to be raised 
for their construction by loan on the credit of the city. 



■ that the estimate made herein for submerged outfall 
mains may be reduced by about $144,000 for the first installation and 
$638,000 for the completed work, if anticipated results in improved methods 
of constructing and laying such mains, now proposed elsewhere, should 
be realized. 
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C0MPABI80N OP COST. 



For flrflt Install- For completed 
~" — — .jwtth- work. Bay in 



In 6 years from 
first andertak- 
Ine of the work 



reached a mll-- 



The reviaed Filtrattou Project D requires $3,188,118 00 ?9,860,34I 00 

The reviaed Dilntion Project L reqnirea at 

the aame stages of progresa 3,202,846 00 5,573,331 00 



$14,728 00 84,286,910 00 
A difieienoe of $14,728 in fa,vor of Project D 
at firat installation, and a difference of 
$4,386,910 in favor of Project L at com. 
pletioa of work. 

The annual cost of maintenance and operation of these 
projects is eatimated to be — 

On Ftrat Install- On Completed 

atlon. Work. 

For Project D $244,171 00 $781,683 00 

ForProjeotL 198,179 00 361.46100 



DiSerenoe in ananalooat in favor of Project L. , '$45,992 00 $430,223 00 

SPECIAL SYSTEMS OF SEWAGE PURIFICATION. 

Having presented in their revised form estimates for the 
disposal of the sewage under Proj'ects D and L, your 
Commission will now discuss briefly the availibility of 
some special methods of sewage purification which have 
been brought to its attention. 

The investigation of such systems as are now commanding 
attention abroad was entrusted, as already stated, to Mr. 
James Mansergh, C.E., of London, from whom we have a 
comprehensive report on the subject, accompanied by illus- 
trative drawings and with a detailed discussion by Dr. G. 
Sims Woodhead, F.R.S.E., of the bacteriolytic action 
induced in the filters employed for effecting this purifica- 
tion. This places your Commission in position to decide 
upon the advisability of introducing at this time any of 
these methods for the purpose of avoiding the great cost of 
disposing of the sewage of Baltimore upon farming lands 
in Anne Arnndel County. 
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It seems only necessary here for your Commiasion' to 
announce the conclusions at which it arrives after lull con- 
sideration of the information derived therefrom, as well 
as from the result of its own investigations in regard to the 
several systems. 

The various methods of treatment which have received 
consideration are: 

1st. The Waring system of bacterial oxidation. 

2d. TLe Pennsylvania Sanitation Company's method of 
filtration. 

3d. The Scott Moncrieff system of anaerobic treatment, 
followed by filtration through a series of thin beds super- 
posed as tniys one above another, the sewage being aerated 
as it drops through the intervals between the trays. 

4th. The Dibdin system of bacterial filtration. 

5th. The Cameron system of septic tank treatment, fol- 
lowed by filtration in aerobic beds similar to Dibdin's. 

6th. The Loweock system of filtration and forced aera- 
tion, involving the same principles as nsed by Waring. 

7th. The Ferozone-Polarite process. 

8th, Ducat's self-acting bacterial filters. 

Whilst some of these processes have proved themselves 
effective and promising, and whilst all are claimed by 
their proprietors to fully meet the requirements demanded 
of your Commission, it must be recognized that the scale 
on which they have been tested is in every instance far 
below that which would be required for the treatment of 
the sewage of Baltimore, even at first installation. 

Mr. Mansergh remarks (See Part III. of his' report — 
Appendix F): 

"Judging the Baltimore sewage problem from the bac- 
terial standpoint at this distance there are two prominent 
features which immediately attract attention. The first is 
the enormous volume of sewage per head per day which 
your Commission is compelled to provide for, owing to 
what I cannot help thinking to be an extravagant user of 
water, prevailing I know all over the States. 
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"This is four times what we have to deal with here, and 
it means, of course, that the works for similar cases would- 
be four times larger with you than with us. * * * * 

"This means that the cost of installing large structural 
works for these new and not fully developed processes ia 
greatly increased in your case, and if failure 3ho«,ld result 
the consequences would be serious. 

"There is also the consideration that diluted sewage like 
that of Baltimore may deyelop characteristics during bac- 
terial treatment which have not appeared here. Presum- 
ably the task of cleansing the weak sewage ought to be 
easier than strong sewage, but this is by no means de- 
termined. 

"The second feature at Baltimore is one wholly in favor 
of the bacterial processes, and it is the fact that you have 
the sea or large flowing rivers into which the filtrate would 
be discharged. Such waters are fully oxygenated and are 
therefore specially adapted for the reception of bacterial 
filtrates. 

"With a sea outlet or an outfall into a big river near 
to the sea, I think the experience here would justify you 
in installing the Dibdin or the septic tank process for a 
small population of 10,000 or 90,000 persons, if an auxili- 
ary means of dealing with the excess rain is provided. 

"It is a long step from the 120,000 (imperial) gallons 
dealt with by the Dibdin system at Sutton, or from the 
31,000 (imp.) gallons dealt with by the septic tank at 
Exeter, to the 40,000,000 (inip.) gallons at Baltimore, 
increasing in the future to a possible 190,000,000 (imp.) 
gallons, and one could wish there were a few intermediate ' 
examples. 

"The big problem is, of course, merely the multiplication 
of the smaller ones, and there ought to be no insuperable 
difficulty in applying what has been achieved to the larger 
case, but it would be prudent to proceed tentatively." 

The views entertained by your Commission, being in 
accord with those of Mr. Mansergh, it finds no warrant in 
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present experience for recommending the adoption, on the 
scale which the full requirements of Baltimore would 
involve, of any one of the treatment proceases thua far 
considered. 

At the same time it fully recognizes that one or more of 
them may prove available for the treatment of the sewage 
of some of our outlying districts, and may, if future experi- 
ence sustains the claims and anticipations of their advo- 
cates, yet become adequate to our service on a larger 
scale. 

It may be said further that the success so far attained 
with some of these bacterial processes seems to have estab- 
lished their superiority to any form of chemical precipi- 
tation, a method which, in our former report, your Com- 
mission concluded had no advantages for application to 
the sewage of Baltimore. 

The fact that by bacteriolytic action the suspended mat- 
ter in the sewage is dissolved and eliminated, instead of 
being precipitated by aid of expensive chemicals into a 
sludge of no economic value and removable only at addi- 
tional cost, is an element which alone is likely to control 
the determination of the method of treatment wherever 
disposal by filtration is deemed essential. 

We now revert to a further consideration of Project D — 
the agricultural filtration scheme. 

AGRICULTURAL FILTRATION ON ANNE ARUN- 
DEL LANDS. 

We have estimated that the first installation of this 
project will cost $3,188,118, and will occupy in construc- 
tion a period of perhaps five years from its commencement. 
It will include practically the whole of the low-level serv- 
ice, and if efficiently carried out should intercept nearly 
all sewage now reaching the inner harbor, and should 
rid the city of the intolerable basin nuisance, besides effect- 
ing the aub-soil drainage of the business portion of the 
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city, and making possible dry basements and sub-cellars, 
where these cannot now be had. 

This sewage, from some 200,000 persons, will be pumped 
to lands at Glen Burnie through one main of 56 inches in 
diameter. 

Although this first installation of the low-level system 
has been limited in extent to a connection of 200,000 per- 
sons, the sewers and district mains will serve with extended 
interceptors and additional reticulation for a population 
which has been forecast as 600,000 eventually. 

The high-level system might be under construction at 
the same time, but it is assumed that for financial reasons 
the city authorities may prefer to limit the rate of progress 
to the low-level only, as estimated. 

If such be the actual method of construction adopted, it 
will be possible at this stage of the work to modify the 
plans, if found expedient so to do. 

AGRICULTURAL FILTRATION COMBINED WITH 
SPECIAL TREATMENT. 

Should the interval occupied in the construction of this 
first stage of the work have served to demonstrate the 
capacity of the bacteriolytic method of sewage treatment 
to cope with the remaining or high-level portion of the 
Baltimore sewage, advantage may be taken of the fact to 
establish a treatment plant in the neighborhood of the vil- 
lage of Masonville, on the south shore of the Patapsco, 
with a considerable saving over the capital outlay neces- 
sary for the extension of the whole system to the agricul- 
tural filtration fields. 

If this modification should prove to be justifiable the 
Western High-Level Interceptor will be constructed sub- 
stantially as in Project D. The sewage from this source 
will enter the closed main at about Eutaw and Franklin 
streets, or say at an elevation of 90 feet above tide, and 
will be turned into the outfall main, used at the outstart 
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by the low-level system, and will flow through that main 
to Glen . Burnie by gravity. {See Appendix C and 
Plate II.) 

The low-level sewage, theretofore pumped to Glen Burnie 
against a head of 112 feet, will then be pumped only to 
Masonville against a head of 40 feet.' 

At Masonville suph works and filter beds as the method 
adopted may require will be constructed and gradually 
extended as the increasing number of house connections 
may make necessary. 

The construction of the Eastern High-Level Interceptor 
may be deferred until the treatment works are in opera- 
tion. 

If the result of their working be satisfactory this inter- 
ceptor, .instead of being so located as to deliver its sewage 
by gravity on the Anne Arundel fields, as by Project D, 
will be lowered 60 feet to a contour adequate only for 
delivery of the sewage to Masonville. (See Plates III. 
and V.) 

This arrangement will intercept and cutoff from the low- 
level system perhaps as much as one-sixth of its sewage, 
leaving at a minimum the volume to be pumped to Mason- 
ville. It will, perhaps, require some modification in the 
pumping plant, but no increase of steam power. 

It will avoid the necessity for the acquisition and use of 
some 3,000 additional acres of farming land, and also for 
the laying down of four 56-inch mains, aggregating in 
length 26i miles, between Masonville and the more distant 
fields, and will save the cost of the increased pumping 
plant required to force the sewage to such distance. 

It is estimated that with this modification the works may 
be completed for a sum of $3,411,870, in addition to the 
cost of first installation, making the entire capital cost of 
works under what we will term Project I>-E, $6,599,988. 
For details of this estimate see Appendix C. 

If, on effecting the first installation of Project D, there 
be not found sufficient warrant to justify the adoption of 
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the bacteriolytic treatment plant at Masonville, it will 
only remain to construct the high-level system and extend 
that of the low-level on the general lines of Project D, as 
described in Appendix B, at an aggregate additional cost, 
as already stated, of $6,672,123. 

RECOMMENDATIONS. 

The Sewerage Commission, under its instructions as set 
forth on the first page of this report, but without a change 
in its belief that the plan first recommended is in 
every way the best method of disposal of the sewage of 
Baltimore, finds the best aUernative plan to be as follows: 

The construction of the low-level system of Project D, as 
described in detail in Appendix B, to the extent at first, 
however, only of a service connection to reach a popula- 
tion of about 200,000, and with delivery of the sewage on 
farming lands in the neighborhood of Glen Burnie, in 
Anne Arundel County, at an estimated capital cost of 
$3,188,118. 

These sewers will have capacity for a population of 
about 600,000, although starting with but about one-third of 
that number iu connection, and will be made to subserve a 
great part of the city lying south of North avenue and 
east of Eutaw street, together with a considerable section 
west of Eutaw street and south of Franklin street, and 
also a great part of the Federal Hill and Locust Point 
districts. 

Further construction need not be undertaken until the 
low-level system is in successful operation. 

It can then be determined, with the light which will by 
that time have been developed through experience in the 
bacteriolytic methods of sewage treatment, at home and 
abroad, whether the extension shall be on the general plan 
of Project D, involving an additional outlay of $6,672,123, 
or by the modification outlined as Project D-E, at a further 
cost of only $3,411,870. 

As the first installation here recommended at a cost of 
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3% millions of dollars will be, by either plan, complete in 
itself, as far as it goes, and will cure the basin nuisance, 
the City can, on completion of this stage, rest long enough 
to review its action before issuing a further loan for its 
extension. 

In the meantime population will have increased, up- 
wards of six millions of the existing burthen of debt will 
have matured, and it may be expected will have been paid 
off, thus leaving the city in better shape to place new loans 
on the market. 

For these reasons it appears best to your Commission to 
discuss the financial aspect of the question with reference 
only to this first stage of the proposed work. 

Before proceeding to this discussion, however, the Com- 
nussion desires to state that, should the method of disposal 
defittitively adopted by the Mayor and City Coiincil be that 
to which the Commission has given preference, to wit, 
crude discharge into the- Chesapeake Bay, and should it 
ever be found that such discharge has become objection- 
able, it will not be more difficult or more costly to prepare 
filter beds on the bay shore, for the purification of the 
sewage, than to establish such a plant at Masonville, 

This has been estimated for as Project L-M. (Ap- 
pendix E.) 

COMPARATIVE CAPITAL COST OF THE SEVERAL PROJECTS. 



PROJKCT. 


L. 


L-M. 

Ii 

I- 

ill 


D. 

§^ 

^ ° 

III 

'E g £ 
< 


D-E. 


Character of Disposal. 


o 


Agrienltural filtration 
for the low-level sew- 
age only, and special 
treatment of the re- 
mainder at Mason- 
ville. 


Cost at first installation. 

Cost at completion for 
the needs of one mil- 
lion popnlation 


$3,202,846 
5,573,331 


$3,202,846 
5,860,331 


$3,188,118 
9,860,211 


$3,188,118 
6,479.547 
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At firat installatiOD . . 
At final oompletioa. . 



«198,179 No data for 
estimate 
361,461 available. 



9244,171 No data for 
estimate 
available. 



WATS AND MEANS. 

The estimates of the Commission show that the cost of 
the first installation, to serve the lower portions of the city 
and intercept the filth now reaching the basin, will be about 
three and a quarter millions of dollars, and is, at that 
stage, substantially the same for every project considered. 

If this amount be raised by a 3i per cent, loan, to run for 
fifty years, it is thought that a premium of at least ip per 
cent, can be realized on its sale, yielding, say $335,000. 
It ia assumed that this premium, when covered into the 
sinking fund, may be so invested as to yield 3 per cent, 
per annum. 

The reinvestment of the accruing interest at this rate 
will, with the invested premium, amount in fifty years, at 
. the maturity of the loan, to say $1,495,000. 

The remaining amount, $1,835,000, required to pay off 
the loan at maturity, must be met by an annual payment to 
the sinking fund of a sum which, invested with its 
accruing interest at say 3 per cent., shall yield the required 
amount when the loan falls due. 

The sum of $16,800 so invested annually will suffice for 
this, so that the annual payments on account of this loan 
will be — 

For interest on loan of $3,250,000 at 31% $113,750 

And for payment to sinking fund 16,800 

A total of 8130,550 

This amount is included in the estimates of annual cost 
of maintenance as here shown for the respective projects 
at first installation. 
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erode Discharge Agricultural FUtratlon 
Into the Bay. at Hlen Burnle. 

Total anuualcost $198,179.00 $24i, 170.00 

Deduct allowance for deprecia- 
tion andrenewalB 33,407,00 52,015.00 

LsaveB annual cost for interest, 

ainking fund and operation.. $164,772.00 $lS2,lo5.00 

Kequiring a tax rate per $100 of 

assessed valuation, reapeot- 

ively of 5 J^ cents. 6;i cents. 

Whilst for proper comparison of the relative yearly cost 
of the different projects it is necessary to include an allow- 
ance for depreciation and renewals, as shown above, it does 
not seem either reasonable or proper to tax the people at 
the outstart to the extent necessary to raise and maintain 
a fund for such purpose. There should be no renewals for 
many years, and it will be time enough to establish such a 
fund when the works are approaching completion and 
there can be adopted a regular system of sewer rates, d.uly 
proportioned to the amount of sewage emanating from the 
various classes of houses, tenements and manufacturing 
establishments. 

Hence, in onr estimate of actual yearly cost, we omit this 
allowance for depreciation and provide only for interest on 
the loan, provision for the sinking fund and operation of 
the works. 

In advance of the establishment of sewer rates the actual 
yearly cost must be met by general taxation, and for this 
purpose we find, on the assessment basis for next year, which 
may be taken at 300 millions of dollars, that a levy of 5K 
cents for Project L and 6^ cents for Project D on every 
hundred dollars of assessed valuation will yield an amount 
sufficient to cover the annual cost of the first installation. 

That the sewer rates which will eventually supersede 
the general tax need not be burthensome is readily seen. 

In our report of September, 1897, it was shown that on 
an average of the previous three years 92,568 loads of filth 
were removed each year from cess-pools within the city 
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at a cost to the citizens of $3.50 per load. We were unable 
to ascertain the nnmber of pits from which this volatne 
was removed, and took the total number of houses in the 
city, then estimated at 93,779, as each contributing about 
one load to the total, at a cost of $2.60 per house. 

As the necessity for maintaining cess-pools will cease as 
soou as connection is made with the sewerage system, there 
will then be at once au end to the constantly recurring 
expense of emptying these foul receptacles ; a cost which 
now bears very unequally upon property-holders, and 
most severely upon the owners of small tenements with pits 
of Itmited capacity. These rarely escape an annual empty- 
ing at a cost of from $2.50 to $7,50; whilst no necessity 
for such cleansing attaches to property favored by connec- 
tion with existing drains, which is thus saved both nuis- 
ance and expense. 

If the 300,000 population, which will be brought into 
connnection with the system as first installed, occupy a pro- 
portionate number of houses to those accommodating the 
whole population of the city, we shall have about 35,684 
house connections, from which an average rental of say 
$4.60 will meet the annual charges of Project L, and a 
rental of say $5.40 those of Project 1). 

If from these rates we deduct but $2.50 as the cost of 
present annual cleansing, we find that the enjoyment of a 
thorough and cleanly system of sewei-age may be had at ■ 
an annual cost to each house, which need not be more than 
from $3.10 to $2.90 in excess of what is now paid each year 
under present filthy and unhealthy conditions. 

PROPOSED SEWERAGE COMPANY. 
It has been suggested that the City of Baltimore cannot 
afford to incur the further burthen of debt which con- 
struction of a sewerage system will involve, and that 
consequently private capital should be enlisted through 
the medium of a stock company, which can be organized 
for the purpose of taking over the work of constructing 
and operating such a system. 
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Although this is not a question which this Commission 
might have been expected to discuss, it yet seems proper 
to give it consideration, and to present some views of the 
practical objections thereto. 

Such a franchise, if granted, must of course include the 
right to locate the sewers as the engineers of the company 
may find expedient. There will be no end of conftict as to 
interferences between the proposed sewers and the exist- 
ing storm-water drains, water mains and electric conduits. 
These differences may not be easily nor cheaply recon- 
ciled, particularly when it is found to be to the interest of 
the private corporation to spare its own treasury at the 
expense of that of the City. 

As there would no doubt be included in the franchise of 
the private corporation provision for the city in the future 
to take over the entire plant, it would be the City's interest 
to have the work done in the most thorough niauner. 
The interest of the company would, however, be to have 
the cost of construction kept as low as possible, consis- 
tently with a certain degree of stability and endurance, 
which would be measured by the proposed or conjectured 
length of its tenure of the franchise. 

This difference of interest between the City and the con- 
tracting company will be apt to result in imperfect work, 
leaking sewers, involving unsanitary conditions, more or 
less obscure, but not the less dangerous because unobserved 
and unknown. 

The contracting company will look for its profits to come 
from the densely built portions of the city, and will 
naturally resist the demand for extensions until it be 
deemed that a paying population can be reached. This 
has been the experience at Galveston, where we learn the 
city is now trying to get rid of the contracting company. 

Of course, private capital will look for and require a 
larger profit than the three per cent, rate, or less, at which 
the city is now able to borrow. This profit must be high 
enough to cover the cost of blunders, accidents, damages 
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and all possible contingeDcies, though these unfavorable 
conditions may never occur. 

It would surely seem that, as the householders will in 
any event be charged a rate high enough to cover these 
contingencies, their advantage would be found in doing 
the work themselves, and paying no higher annual rate 
than sufficient to cover the cost of administration of the 
works. 

It has been suggested that a private corporation will 
readily undertake to pay a handsome annual bonus to the 
City for the franchise. This is no doubt the case, but 
what does it mean? Simply that the contracting company 
must have the right to charge the householder a rate 
sufficiently high not only to cover all the proper expenses 
and contingencies to which we have referred, together 
with the dividends to the company's stockholders, but 
high enough to cover also the amount of bonus to be paid 
the City. 

This scheme becomes, therefore, as a measure of economy 
to the citizens, a mere delusion and a snare. If they have, 
in addition to the annual cost of operating the works, to 
pay the profits or dividends of the contracting corporation 
and its bonus to the City, Ihey might as well themselves 
pay the cost of operating the works, tax themselves for 
the bonus, save altogether the sum that is to go out in 
dividends to the stockholders and have into the bargain 
the entire control of their works. 

The experience of New Orleans in the attempt which' 
that city has made to save itself the capital outlay for a 
sewerage system should not be overlooked. 

As far back as 1880 a franchise was granted to the New 
Orleans Sewerage Company to sewer the city. The com- 
pany was organized with a prominent and trusted citizen 
at its head. Able engineers were consulted and plans 
prepared. 

The result up to the present time is simply nothing accom- 
plished. A few hundred feet of sewer only havebeeii coii- 
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structed. No part of the work is in operation. The 
contracting company, apparently conducted for the 
benefit of individuals, stockholders and contractors, and 
not for that of the city, is reported to have failed, and the 
city is now legislating to take the whole scheme into its 
own hands and raise the amonnt of money necessary to 
enable it to undertake and press forward the construction 
of the works by its own officers. 

CONCENTRATION OP ALL SEWER AND DRAIN 
CONSTRUCTION. 

Your Commission, during its investigations, has been re- 
peatedly asked if it be advisable to continue the con- 
struction of storm-water drains, or sewers as they are 
popularly termed, which are from time to time ordered to 
be built by ordinance of the Mayor and City Council, 

It has always replied that, whilst it is advisable and 
often necessary to expend money to repair and maintain 
existing drains, no others should be constructed until the 
general system of sewerage is adopted. Thereafter all 
drains and sewers should be designed by the same de- 
partment, and should be constructed with reference to 
general requirements and under the responsibilty of de- 
termining when the necessity for the undertaking really 
exists. It will then be time enough to ask for authority 
to construct. 

In the absence of a comprehensive general design, far 
too much money has been already expended in these 
constructions, some of which will have to be altered or 
rebuilt in the future. 

SELECTION OF PLAN. 

There should be no further delay in deciding what is 
the system of sewerage construction to be adopted by the 
City. 

This Commission has reduced the proposition, as it 
believes, to its simplest terms, and the Mayor and City 
Council must determine which of the two methods of 
disposal shall be adopted. 
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I. Crude discharge into Chesapeake Bay (Project L), 
with possible future modification (Project L-M). 

II. Filtration on land in Anne Arundel County (Project 
D), with possible future modification (Project D-E). 

The question must be decided by weighing the greater 
capital outlay and greater annual coat of the more compli- 
cated Project D, against the possibility, real or sentimental, 
of injury to the oyster interests in carrying to completion 
the more simple arrangements of Project L. 

That there is pressing need for prompt decision in this 
matter must be recognized when we state that the main 
intercepting and district sewers, many of which will be of 
large size, should be located, and if possible constructed, 
in advance of other works. 

The sewage flows through these conduits by gravity, and 
in order to maintain velocity adequate to carry all matter 
held in suspension and avoid offensive deposits, adjust- 
ments somewhat intricate have been involved in the designs 
BO as to effect the crossings of the railway tunnels, the 
passage of Jones' Falls and the interference of large 
storm-water drains. It has even been necessary to modify 
the form of some of the latter in order to adjust the in- 
■ terferences. 

With the peculiar topographical features of Baltimore, 
it may be well nigh impossible to further change the loca- 
tion of the great sewers to avoid interference with water 
mains, gas pipes, electrical subways and surface railroads, 
and hence the sooner the city locates its sewers and defines 
its requirements in its own streets the better. What may 
have to be done in the case of certain streets through 
which these main sewers must pass, and which are already 
partly, if not wholly occupied, is not for this Commission 
to consider. Its duty is fully performed in urging upon 
the attention of the Mayor and City Council the expe- 
diency of avoiding further delay. 
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The difBcolties here referred to apply only to the great 
intercepting and district sewers. No tjouble is antici- 
pated in so locating the small lateral aewers of the reticn- 
lation system, partly through the alleys and under the 
sidewalks, as to avoid interference with other works. 

If the action here recommended be taken and a decision 
be made by the Mayor and City Council as to the plan and 
method of disposal to be adopted, this should be imme- 
diately followed by fixing the location of the great and more 
important sewers. Steps should also be taken to have 
carefully prepared, in advance of the meeting of the 
General Assembly in January, 1900, such form of enabling 
act as may be desirable, and under which, if enacted, the 
City may take measures to acquire the land needed for the 
worksand the funds necessary for their execution. 

If, as is now to be feared, there may be much further 
delay before there be opportunity to submit for referendum 
any enabling act ao passed, engineers may be advan- 
tageously employed, under temporary appropriations by 
the Mayor and City Council, in revising and perfecting 
the location of the work and in preparing for its letting 
under the system which the authorities, in their wisdom, 
may deem most advantageous to the interests of the city. 

It cannot be too strongly impressed upon the city 
authorities that in work of this magnitude every dollar 
spent under a competent engineer in preparation and 
revision is returned many fold in the economies thereby 
efEected. 

CONCLUSION. 

The obligation of the Commission to those who, during 
its earlier investigations, aided it in various ways was 
expressed in terms of appreciation in the last report. 

It now desires to make its acknowledgments for valuable 
information and advice, more recently received, to Pro- 
fessors Ira Remsen and "Wm. H. Welch, of Johns Hopkins 
University; to Prof. G. Sims Woodhead, of the University" 
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of Cambridge, and to Dr. Samuel Rideal, of London, 
England. 

For courteoas attentions in various forms, often involv- 
ing their time and correspondence, the Commission would 
express its thanks to: — 
Messrs. J. W. Alvord, C. E. Edwd. H. Jenkins,Ph.D. 

M. N. Baker, Ph. B. W. Kiersted, C. E. 

Geo. M. Bowers. Prof.C.A.Lind3ley,M.D. 

Wm. M. Brown, Jr.,C.E. D. E. McComb, C. E. 

Robert A. Cairns, C. E. L. E. McGann. 

Harry W. Clark. F. H. Newell. 

Albert S. Crane, C. E. Jno. B- Parsons. 

Chaa. G. Currier, M. D. C. O. Probst, M. D. 

George G. Earl, C. E. B. T. Smelzer, M. D. 

Harrison P. Eddy, C. E. Prof. A. N. Talbot, C. E. 

Prof. A. P. Folwell, C. E. Capt. E. S. S. Turner. 

X. H. Goodnough, C. E. H. F. Turner. 

T. C. Hatton, C. E. W. S. Twining, C. E. 

Samuel S. HofE, C. E. M. A. Veeder, M. D. 

Wm. T. Hunt. F. J. Walz. 

Richard W.Iglehart,C.E. A. G. Young, M. D. 
Also, for valuable information and documents to the 
following foreign correspondents: 

Messrs. Jos. Garfield, C. E., Wolverhampton, England. 
Thos. Hewson, C. E., Leeds, " 

George Reid, M. D., Stafford, 

Your Commission desires, at the close of its labor, 
to place on record its appreciation of the efficient service 
rendered by Mr. Kenneth Allen, its Principal Assistant En- 
gineer, who has had charge of all the details of its investi- 
gations, revision and estimates. 

Mr. Charles E. Taylor, as Assistant Engineer, has con- 
ducted the field work made necessary by the revision of 
the line, and has skillfully executed the required map 
work. 
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As heretofore, Mr. C. L. Rector has had charge of the 
accoants and correspondence of the Commission and has 
performed his several datles with intelligence and sa-tis- 
faction. 

In conclusion, the Commission expresses the hope that 
the result of its labors may be found acceptable, and that 
from the recommendations of this report a suitable plan 
may be adopted, under which the sewerage of the City 
may be undertaken without further delay. 

The entire work submitted to the Commission being con- 
cluded, and its duty completed by the submission of this 
report, it respectfully asks that its report be accepted and 
that the Commission be discharged. 

All of which is respectfully submitted. 



MENDES COHEN, ) Sewerage 

F. H. HAMBLETON, \ ^'"^PZ" 

E. L. BABTLETT, J Cits of Baltimore. 



Baltimore, 22nd May, 1899. 
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APPENDIX A. 

ELEMENTS INVOLVED IN REVISION OF COST. 



In the revision of estimated cost a reduction has been made by re- 
ducing the dimensions of all sewers from those described and estimated 
for by the Consulting Engineers, as given in the report of the Commis- 
sion dated September 20, 1897, 

The warrant for this change is to be found in the following statement 
of facts: 

When the data on which to base their estimates were furnished to 
the Consulting Engineers, the Water Department claimed to be supply- 
ing daily an amount of water reaching at a maximum 72,000,000 gal- 
lons, with a daily average consumption of 120 gallons per head of 
population.* 

Whilst this amount was recognized as excessively large the Consult- 
ing Engineers did not feel warranted in basing their calculation on any 
less quantity. 

Taking this, therefore, as the actual consumption, they added an 
amount to cover infiltration of ground-water, some accession of storm- 
water, and an uncertain quantity required for flushing, and arrived at a 
total of 150 gallons per head of population as the amount of sews^e for 
which it would be necessary to provide, and on this quantity their 
estimates of cost were based. 

After the report of the Consulting Engineers was made up, a change 
of administration of the Water Department led to a revision of data, 
when it was ascertained that the maximum daily consumption of water 
did not quite reach 52,000,000 gallons, or about 95 gallons per bead of 
population. 

The annual report of the Water Department for the year 1897 gives 
the average daily consumption throughout the year as 88 gallons per 
head of population served. Your Commission has based its revised 
estimate an this average daily consumption, 88 gallons per head, and has 

'Report to tlie PreHident aud Members of tba Baltimore Water Board by 
Bamnel M, ^Tf-J, Consalting Engineer, October, 1S96, pp. 3 and 9, 
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added diereto an amount even larger in proportion than allowed by the 
Consulting Engineers to cover flushingr influx of ground-water and con- 
tingencies, thus arriving at 117 gallons as the average amount of sewage 
to be provided for daily per head of population. 

As, however, the pumping plant and discharge mains must be ade- 
quate to provide for the maximum flow which may at any time reach 
them, separate estimates have been made of the probable maximum flow 
in different portions of the city. 

For the low-level districts 140 gallons per head of population is 
deiemed amply sufficient to cover all inflow of ground-water, flushing, 
etc, whilst for the high-level districts 106 gallons per head is found to he 
an equally fiill allowance. 

On these estimates of volume the dimensions of the various intercept- 
ing sewers have been re-calculated and the revised estimates are based 
thereon. 
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bard street, to Front street and to a point opposite Watec street 
Thence the size is increased to 7 feet 6 inches as far as the west side of 
Centre Market Space, Jones' Falls being crossed by an inverted siphon 
composed of two 36-inch steel pipes, laid in a brick-lined tunnel. 
From Centre Market Space the line continues on Water, Calvert, Lom- 
bard, L^ht and Balderston streets to Charles street with a diameter of 
7 feet 9 inches, and thence on Charles street to York street with a 
diameter of 8 feet Here the sewage from the York Street Inter- 
ceptor is received and the diameter is increased to 8 feet 3 inches, and 
the line continues on Charles, Montgomery and Leadenhall streets to 
the pumping station at Stockholm street For first installation the 
portion of this interceptor east of the Harris Creek Drain has not been 
included in the estimate. 

The Locust Point Interceptor. 
This starts from Garrett avenue and runs on Clement street to Hull 
street with a diameter of 18 inches ; thence on Clement street to Allen 
street with a diameter of 21 inches; thence on Allen street to Claggett 
■ street with a diameter of 2 feet 3 inches ; thence to and along Winder 
street to Marshall street with a diameter of 2 feet 9 inches ; thence on 
Winder, Race, Barney and Leadenhall streets to Fort avenue with a 
diameter of 3 feet 3 inches, and from Fort avenue to the pumping 
station at Stockholm street with a diameter of 4 feet 3 inches. The 
construction of the portion of this interceptor beyond the intersection of 
Barney and Race streets may be deferred until after first installation, 
and is not included in the estimate. 

The York Street Interceptor. 

This begins at a point in Clement street about 200 feet east of the 
centre of Jackson street, runs northerly and then westerly through 
private property to Jackson street, to West street, to Belt street, through 
the latter and private property to Rupert street, to Montgomery street, 
to Covington street, to Hughes avenue and to Battery avenue, with a 
diameter of 15 inches. From Hughes avenue It continues with a 
diameter of 20 inches through Battery avenue and York street to 
Charles street, where it unites with the Eastern Low-Level Interceptor. 
The construction of the portion of this interceptor beyond the intersec- 
tion of Hughes and Battery avenues may be deferred until after first 
installation, and is not included in the estimate. 

The velocities attained in the low-level interceptors, when riuming half 
full, are as follows : 
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Western Low-Level Interceptor, four feet per second ; Elastem Low- 
Level Interceptor, four feet per second east of Washington street and 
west of Front street. Between those two points the gradient is reduced 
so as to provide a velocity of three and one-half feet per second, in order 
to be sufficiendy low at Washington street to avoid an inverted siphon. 
The Locust Point and York Street Interceptors are designed for a veloc* 
ity of but three feet per second in order, by lowering the grade, to 
effect, as far as possible, the sewerage of the entire peninsula, a few 
marginal areas only being excluded. 

Pumping Plant. 

The sewage collected by means of these several interceptors will be 
delivered at a pumping station, to ht located at or near the intersection 
of Leadenhall and Stockholm streets, as contemplated in Project C, with 
a level of invert 14.12 feet below mean low tide. 

Here must be provided a pumping plant, which at lirst need be ade- 
quate only to the work contemplated at first installation. 

This will require the daily disposal of 28 million gallons of sewage, 
which must be lifted by the pumps from the level of 10 feet below mean 
low tide to a height of 52 feet above the same datum, involving a total 
maximum resistance equivalent to about 112 feet of head. 

As one-half of the sewage must be provided for in eight hours, the 
pumping plant must have a capacity sufficient to lifl 42 million gallons 
per day against this head. 

To meet this service the estimates provide four 500 horse-power 
boilers and three 25 million gallon pumps, with two 3 million gallon 
pumps to dispose of the ground water, which will be separately collected 
and discharged directly into the river. 

Oulfall Main. 

To carry the amount of sewage collected at first installation to the 
filtration fields, but one outfall main of 56 inches diameter is requisite 
Nevertheless, it is deemed a proper measure of economy in effecting the 
cosdy crossing of the Patapsco River to lay down at once under the 
river three of the five outfall mains which will be ultimately required, 
and on this basis the estimates have been developed. 

The revised line for the outfall mains follows the course suggested 
by the Consulting Engineers for Project C to near the city end of the 
Long Bridge at the foot of Byrd street. 

Thence the line deviates from the former course, and, passing under 
the river by a shorter length of submei^ed main than by Project C, 
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reaches the Aime Arundel shore at a point about 2,200 feet, as measured 
along the shore, to the eastward of the bridge terminus. From the 
shore the line continues past the village of MasonvIUe with a gradual 
rise along the eastern slope of the ridge, which in Project C was trav- 
ersed by tunnel, and passing southerly through the village oi South 
Baltimore reaches a point near the banks of Cabin Creek, whence, if 
required by future extension of the filtration project, a main will lead off 
in a southeasterly direction to Marley Neck. 

From this point of divergence the ouUall main will continue on its 
ascending grade, passing under Cabin Creek, and will make a junction 
with the original line of Project C, at a point on that line about three 
miles south of the Long Bridge, whence it continues very nearly on the 
original line to the Glen Bumie filtration fields. 

Here ample provision should be made for possible needs, and the 
estimate of land required, some 1,800 acres, is substantially the same as 
that recommended for this locality by the Consulting Engineers in thdr 
estimates for Project C. 

Completed Work. 



Low-Level Service, 
This will provide for a population of 600,000, and the required inter- 
ceptors are already described under the head of first installation, 
P-43- 

High- Level Service. 

The High- Level Interceptors discharge into gravity mains at a slightly 

lower elevation than in Project C, and hence may terminate at a point 

on Eutaw street, opposite Eutaw Court, or 180 feet south of the centre of 

Franklin street 

The Western High-Level Interceptor. 
Beginning at Baltimore street and Calverton road, to which point is 
brought the sewage from all the territory to the north lying east of 
Gwynn's Falls, the Western High-Level Interceptor follows the latter 
road with a diameter of 4 feet 3 inches to Frederick avenue, to Pulaski 
street, to Pratt street, to Fulton avenue, to Lemmon street, to Mount 
street, to Rollins street, to Gilmor street, to Fayette street, to Calhoun 
street, to Lexington street, to Carey street and to Mulberry street At 
this point the diameter is increased to 4 feet 9 inches and the line con- 
tinues along Mulberry street, Schroeder street, Milton Place, Fremont 



D.qit.zeaOvGoOt^lc 



ill ! I 1 in 



nO7q30fl3TMi J3V3J HOiH lin3T33W 



I i ^ ! M i M i ? 



flOT*133FI3Tm 



10 ajnoHi 



J3V3J HO<H t4f^3T8A3 



juaiaaA 



r 



nOTS3Dn3TMIiS« J3V3J WOJ ' MR3T&V3 



D.qil.zMBlG001^le' 



' TT t 



10Tn30a3T;il J,, nj Hi>IM MFI37-'a.1 



BOTq^^iniTm i-^w^ . 



lyGoot^lc 



OF THH CITY OF BALTIHORB. 47 

avenue, Bradley street, Brune street, George street, Oioton avenue. 
Myrtle avenue and Koftean street to Argyle avenue. Here the 
diameter is again increased to 5 feet 3 inches and the line passes by 
Argyle avenue, Biddle street and Druid Hill avenue to Eutaw street, 
where, at Ross street, it is joined by the Eastern High- Level Interceptor 
and a diameter of 7 feet 6 inches is required to its terminus opposite 
Eutaw Court. 

The Eastern High-Level Inierceptor. 

On account of the reduced capacity required, the revised interceptors 
have smaller diameters and steeper gradients than those in Project C, 
and for this reason the eastern end of the Eastern High-Level Inter- 
ceptor has been located on higher ground than in that project 

BeginningonNorthavenue, at Hopkins avenue, with a diameter of 18 
inches, it runs westerly to Broadway, and thence through Broadway, 
Townsend street, Caroline street, Lanvale street, Spring street, Oliver 
street, Eden street, Hoffman street and Ensor street to Twentieth street. 
Here it receives considerable sewage from the valley of Jenkins' Run, 
and continues on Twentieth street and under Jenkins' Run in a siphon 
of two i6-iQch cast -iron pipes, and then in the same street in a 3-foot 
3-inch sewer to Barclay street, to North avenue, to the line of Hargrove 
alley, through the grounds of the Blind Asylum and Hargrove alley to 
Twenty-first street. Here a diameter of 4 feet is required, and this ia 
maintained along the latter street to Jefferson Place. At this point 
the interceptor receives the sewage from the territory lying between- 
Jones' Falls and Waverly, and is carried by a siphon consisting of two 
24-inch cast-iron pipes, laid in a brick-lined tunnel under the valley of 
Jones' Falls, to a point near North avenue and McMechen street. From 
this point it follows McMechen street with a diameter of 5 feet to the 
west side of Mt. Royal avenue, where it is again enlarged to a 
diameter of 5 feet 9 inches, and runs on Mt. Royal avenue, Lanvale 
street, Rutter alley. Dolphin street and Park avenue to Camel alley. 
Thence it continues with a diameter of 6 feet on Park avenue. Monu- 
ment, Howard and Ross streets to Eutaw street, where it joins the 
Western High-Level Interceptor, as described. 

The velocity in the Western High-Level Interceptor, when running 
half full, will be 4 feet per second throughout. In the Eastern High- 
Level Interceptor a velocity of 3j^ feet per second is obtained for that 
portion lying west of Jones' Falls, while for the balance the velocity has 
been reduced to 3 feet per second to avoid an increased length of siphon 
under Jenkins' Run, and in order to include as much territory as prac- 
ticable in the high-level system. A reduction of velocity on the West- 
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era High Level Interceptor did not appear advisable, because the 
greater slope of the ground in its vicinity would have rendered any con- 
siderable increase of available drainage by a change of sewer gradients 
impossible. 

The high level sewage collected from a population of 400,000 is 
estimated to average 39,200,000 gallons per day when the works are 
complete, and it will be delivered by two 56-inch steel gravity mains to 
the Glen Bumie filtration fields. 

Pumping Plaid. 

On the completion of the work the low level interceptors will deliver 
on an average 78 million gallons, and a maximum of 84 million gallons 
of sewage per day to the pumps. The latter must, however, be of ca- 
pacity to take sewage at times of greatest flow, or at a rate of 
126 million gallons per day, and pump it as shown below: 

Destination. Maiimnm Rate of Flow. Lift in Feet. 

Harley 42,000,000 gals, per day. 110 

ElTaton 42,000,000 " " 131 

Elvaton... 42,000,000 " " 144 

For this service five 25 million gallon pumps are required, which, 
with one in additon to provide for contingencies and two 3 million gallon 
pumps for ground water, give a total capacity of 156 million gallons 
per day. 

To provide the power for this work six 500 horse-power boilers will 
be required which, with two held in reserve for repairs and contingencies, 
will supply a total of 4,000 horse-power. 

Lines of OtUfall Mains. 
There will be ultimately required five out&ll mains 56 inches in diam- 
eter, of which three will serve a population of 600,000 in the low-level 
districts and two a population of 400,000 in the high-level districts. 

The Low-Level Out/all Mains. 

All the low-level mains follow the line described on p. 45 for the first 
installation from the pumping station to a point near Cabin Creek, where 
the first will diverge in a southeasterly direction, and passing first under 
Cabin Creek and then under Curtis Creek by inverted siphons, will con- 
tinue to a point on Marley Neck, near the Marley Road, which is of 
sufficient elevation — 57 feet above datum — to permit the irrigation of 
some 1,080 acres. It is designed to carry 40 million gallons per day. 

The second and third low-level mains follow the line described for 
first installation to the Glen Buraie fields and continue beyond, crossing 
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Marley Creek and tenninating, respectively, 2,600 and 3,600 feet beyond 
the cross roads at Marley. The first will deliver 22 millioo gallons per 
day at elevation 55 ; and the second 22 niillioD gallons p^ day at 
elevation 66. 

Of these 44 million gallons, 8 million will be utilized on the Glen 
Bumie fields and 36 million will irrigate some 720 acres at Elvaton. 

The Higk-JUvel Ouifall Mains. 
The two high-level mains will take the sewage collected by the high- 
level interceptors at Eutaw street, near Franklin, to the Glen Bmnie 
fields on lines as described for the low-level main for first installation, 
delivering at elevations 52 feet and 46 feet, respectively, above mean 
^ low-tide. They will together carry 42 million gallons per day, which, 
with the S million gallons delivered from the low-level main, will irri- 
gate 1,380 acres of land. 

PROJECT D— AGRICULTURAL FILTRATION. 

ESTIMATES OF COST. 
A. — Summaries for Construction. 
a. For First Installation. 
Land to be aoqnired for filtration at Qlen 

Bnraie $186,000 GO 

Preparing thereof 720 acres 717,32100 

Building and □tensils for four stations 26,667 00 

Force mains 793,276 00 

Eight of way 16,000 00 

Pnmping station at Stookholm and Leaden- 
hall streets , 235,800 00 

Famping machinerj', three 25,000,000 gallon 

pomps and two 3,000,000 gallon pnmps.. . 276,000 00 

Boilers, fonr 600 horse-power 32,000 00 

Eastern Low-Level Interceptor, west of 

Harris Creek 552,760 00 

Western Low-Level Interceptor, east of 

Oatend street 61,677 OO 

Loonst Point Interceptor, west of Race 

street 49,423 00 

York 'Street Interceptor, north of Hnghes 

avenue 10,191 00 

82,988,118 00 
Add for district main sewers 200,000 00 

$3,188,118 00 
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b. Foi Completed Work, to serve a population of oaemillioD. 

Laud to be acquired for Gltratiou $344,000 00 

Preparing 2,765 acres 2,869,932 00 

Buildings and ateusils for fourteen 

stationa 93,333 00 

Force and gravity mains 3,588,594 00 

Eightofway 25,000 00, 

Pumping station at Stockholm and Leaden- 
hall BtreetH 262,000 00 

Pumping machinery, six 25,000,000 gallon 

pnmps and two 3,000,000 gallon pomps.. . 548,000 00 

Boilers, eight 500 horse-power 64,000 00 

Eastern Low-Level Interceptor 588,665 00 

Western Low-Level Interceptor 133,011 00 

Eastern HigL-Level Interceptor 265,390 00 

Western High-Level Interceptor 174,516 00 

Locust Point Interceptor 178,566 00 

York Street Interceptor. . ; 25,231 00 

$9,160,241 00 
Add for district main sewers 700,000 00 

Total 89,860,241 00 

B. — Summaries for Annual Maintenance, Interest and 

Renewals. 
a. For First Installation : 
Interest on first cost, including payment to ainkiog 

fund, $3,188,118.00 ^ i% $127,524 72 

Depreciation and renewals: 

On interceptors, reticulation and district maina, 

$2,374,051 @ i"« 411,870 26 

On buildings, pnmping station, etc., $262,467 

@ 1% 2,624 67 

On discharge mains, $793,27e @ 3* 23,798 28 

On pumping machinery, $278,000 @ 4<t 11,120 00 

On boilers, $32,000 @ 5<t 1,600 00 

On siphons, $33,409 ® 3^ 1,002 27 

$52,015 48 

Operation : 

Cost of pumping : 
Per day : 

Wages $18 75 

Oil and waste 2 50 

Coal, 12 net tons ® $2.50 30 00 

$51 25 
Add lOii for contingencies 5 13 

365 days® $56 3« $20,578 70 

Carried forward $20,578 70 $179,540 20 
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Bronght forward: $30,578 70 «179,640 30 

CleaDing and iuspeotion of inteiceptora and dis- 
trict mains 1,700 00 

Cleaning and inspectiun of teticnlation aystem. 15,000 00 . 

Opetatiou of filtration fields and oleaning dis- 
charge mains 25,853 00 

Superintendent 1,500 00 



C64,e: 



Total.. 



b. For Completed Work : 
Interest on first cost, including payment to sinking 
fnnd, $9,860,341 d «$£ 

Depreciation and renewals: 

On interceptors, district mains and reticnla- 

■ tion, J6,645,382 @ )■( $33,226 91 

On pnmping station, linildingB, eto., $355,333 @ 

1)6 8.663 33 

On discharge mains, $3,588,591 ® 3% 107,667 82 

On pumping machiner;, $548,000 ® 4;£ 21,920 00 

On boilers, $64,000 @ 5* 3,200 00 

On siphons, $122,174 ®3« 3,665 22 

Operation: 

Cost of pnmping: 

Wages (40 50 

Oil and waste 5 00 

Coal, 42 net tons @ $2 50 105 00 



Add 10^ for contingencies 15 05 

365 days O $165 55 $60,425 75 

Cleaning and inspection of interceptors and 

district mains 3,000 00 

Cleaning and inspection of reticulation system. 45,800 00 
Operation of filtration fields and cleaning dis- 
charge mains 100,324 00 

Snperintendents, 3 @ $1,500 00 4,500 00 



Total. . 
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APPENDIX C 

PROJECT D-E. 



A project termed E has been worked out contemplatii^ the delivery 
of the sewage at treatment works in the vicinity of Masonville, Anne 
Arundel county. Under this plan the high-level sewage, amounting on 
an average to about 66 million gallons per day from a forecast popula- 
tion of 633,000 persons, would be collected at Eutaw and Camden 
streets, from which point it would flow by gravity through three 56-inch 
steel mains to the treatment works. 

The low-level sewage, amountmg to an average of about 51 million 
gallons per day from a population forecast at 367,000 persons, would be - 
collected, as in Project D, at a pumping station near the intersection of 
Stockholm and Leadenhall streets, from which point it would be pumped 
through two 56-iach steel discharge mains to the above treatment 
works. 

This project, as a whole, is not recommended for reasons given on 
page 22, but, should treatment of sewage at Masonville be found de- 
sirable in the future, there would be an economy resulting from a com- 
bination of Projects D and E, as referred to on page 24, and described 
below as Project D-E. 

First Installation. 
The first installation of Project D-E is identical with that of Project 
D, described in Appendix B. 

Completed Work. 
Inierceptors. 
For the completed work the low-level interceptors and the Western 
High-Level Interceptor are identical with those described in Appendix 
B for Project D. The Eastern High-Level Interceptor would, however, 
be lowered to deliver as much sewage as possible by gravity at Mason- 
ville. 

(6S) 



D.qit.zeaOvGoOt^lc 



54 REPORT OF THE SEWERAGE COMMISSION 

' The Eastepi High-Level Interceptor (Plate V) begins at Fairtnount 
avenue and Chapel street with a diameter of la inches. It follows Fair- 
mount avenue to Bethel street, where it is given a diameter of 2 feet 9 
inches to Madison street, to the west side of Broadway and to Ashland 
avenue. Here, in order to avoid a long detour up the valley of Harford 
Run, the latter is crossed on Ashland avenue by a siphon, consisting of 
two 24-inch cast-iron pipes, and at Caroline street passes over the drain 
which runs on Ashland avenue, between Bond street and Caroline 
street. The siphon extends to Central avenue, whence the line 
continues as a 4-foot sewer ; thence on Ashland avenue to Neighbor 
street, to Homewood avenue, to Eager street and to Concord street. 
Here a shaft leads to an inverted siphon, consisting of two 36-inch steel 
pipes, laid in a tunnel under Jones' Falls, to a second shaft located 100 
feet east of Hunter alley. At this point the sewage rises to the inter- 
ceptor, 6 feet 6 inches in diameter, as &r as Hunter alley ; thence 7 feet 
3 inches in diameter, still in Eager street, to Calvert ; in Calvert to 
Madison, requiring at Read street a moditication of the drain In that 
_ street ; in Madison street to St. Paul street, and in St. Paul street to 100 
feet north of Centre street. Here, to retdn sufficient cover, the section 
must be modified, or the single interceptor may be changed to two lines 
of 40-inch cast-iron pipe with their inverts connecting the inverts of the 
brick sewers above and below. One hundred feet south of Centre street, a 
single conduit, 7 feet 6 mches in diameter, is resumed, which continues to 
Fayette street, and on Fayette street to Howard street. At Park ave- 
nue the present drain will require re-location. The interceptor then 
extends on the east side of Howard street to Cider alley. Here, to 
obtain cover, the top is depressed, and the interceptor crosses over the 
Belt Line tunnel. It continues thence in Cider alley and Eutaw street 
to the inlet of the gravity discharge mains at Camden street, with so 
steep a gradient that the diameter is reduced to 4 feet 4 inches. The 
velocity, when running half full, is 3}^ feet per second as far as the tun- 
nel crossing, below which it is 11 feet per second. This velocity must 
be considered in the design and materials of this section of the inter- 
ceptor. 

Pumping Planl. 
The low-level sewage reaching the pumping station will, by this 
arrangement, eventually reach a maximum of 66 million gallons per 
day, and the pumps will require a capacity to lift this at the rate of 
98 million gallons per day, at periods of maximum discharge, through 
a vertical height of 40 feet. For this the boilers and engine power 
supplied for first installation will be ample, but the pumping capacity 
will have to be increased to about 125 million gallons per day. 
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Ota/all Mains. 

There will be required five 56-inch steel outfall mains. The main 
originally laid from the pumping station to Glen Burnie will be discon- 
nected from the pumps and extended up Eutaw street to near Franklin 
street, where it will receive the sewage from the Western High-Level Inter- 
ceptor, amounting to some 19 million gallons per day, and convey it by 
gravity to the Glen Burnie fields at a maximum rate of about 28 million 
gallons per day. 

Two gravity mains will extend from the terminus of the Eastern High- 
Level Interceptor, at Eutaw and Camden streets, to Masonville. The 
sewage collected by the Eastern High-Level Interceptor amounts to 
a maximum of" about 34 million gallons per day, requiring a capacity of 
pipes equal to 51 million gallons per day. 

Two more mains will take low-level sewage exclusively, and extend 
from the pumping station to Masonville. The low-level sewage has 
been stated as amounting at times to 66 million gallons per day, requir- 
ing provision at times of maximum flow for 98 million gallons per day. 

Now, with the assumed hydraulic gradient of 0.11 percent., these two 
mains will carry but about 81 million gallons per day, leaving a deficit 
in capacity of pipes of some 17 million gallons per day. We have, 
however, in the two pipes leading from the Eastern High-Level Inter- 
ceptor, an hydraulic gradient of o.o8r per cent, furnishing together a 
capacity of 71 million gallons per day; but as the required capacity 
is but 51 million gallons per day, there will be an excess in capacity, 
which may be utilized by pumping, when found necessary, the remaining 
17 million gallons of low-level sewage into one of these mains. 

Treatment of Sewage. 

The maximum volume of sewage to be disposed of is 126 million 
gallons per day. Of this, 19 million from the Western High-Level In- 
terceptor will flow by gravity to the Glen Burnie fields, leaving 
107 million gallons to be delivered at Masonville for treatment. 

It has been recommended to defer decision in regard to the possible 
use of a treatment plant at this point until after the first installation is 
effected, under the plans of Project D. By this time, it is thought, ac- 
cumulated experience in the use of the new methods of bacterial purifi- 
cation will suffice to demonstrate what particular method, if any, is 
most likely to meet efficiently the requirements of Baltimore. 

The acreage necessary for the daily treatment of 107 million gallons 
of sewage by any of the methods may be had in the neighborhood of 
Masonville, and an approximate estimate of the cost of establishing a 
plant has been made on the basis of recorded experience abroad. 
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. aCT D-E— AGRICULTURAL FILTRATION 

COMBINED WITH SPECIAL TREATMENT. 

ESTIMATES OF COST. 

Summaries for Construction. 

a. First Installation, for a popnlation of 200,000. 
Estimate as for Project D $3,188,118 00 

(. Completed Woik, for a population of 1,000,000. 

Land lor disposal $186,000 00 

Freparatiou of filtration fields 747,324 00 

Land for treatment 70,000 00 

Preparation of filter beds 1,075,000 00 

Buildings and utensils 36,667 00 

Force and giavitf mains, gates, branches, etc. . 1,798,291 00 

Right of way 15,000 00 

Pnmping station at Stockholm and Leadenhall - 

streets 235,800 00 

Pnmping machinery 350,000 00 

Boilers ,..,. 32,000 00 

Low-Level Interceptors (D) 925,476 00 

Western High-Level Intetffeptei (Dj ■._... 174,516 00 

Eastern High-Level Interceptor (E) .!..." 253,914 00 

$5,809,988 00 
Add for District Main Sewers 700,000 00 

Total $6,599,988 00 
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street The former will collect the sewage from the greater part of 
Locust Point, and is located on Clement, Allen, Winder, Race, Barney 
and Leadenhall streets to Stockholm street. 

The York Street Interceptor drains a narrow district to the northeast 
of a line between Federal Hill and Riverside Park, and is located on 
Belt, Rupert, Montgomery and Covington streets, Hughes and Battery 
avenues, and York street to Char1e» street 

The construction of that portion of the Locust Point Interceptor lying 
beyond the intersection of Barney and Race streets, and that of the 
York Street Interceptor beyond Hughes and Battery avenues, may be 
deferred until after first instalUtion, and are not included in the estimate. 

Force- Main. 

The sewage brought by the Low-Level Interceptors to the pumping 
station on the east side of Jones' Falls, a short distance north of Lom- 
bard street, is pumped thence in a 4S-inch cast-iron force-main laid in 
the bed of Lombard street to Broadway, where it is delivered to the 
High-Level Interceptor. 

Higk-Level Interceptor. 

For first installation the High-Level ' Interceptor begins at Broadway 
and Lombard streets, and runs thence easterly to Ann street, to Pratt 
street, to Chapel street, to Gough street, to Duncan alley, to Bank 
street, to Patterson Park avenue, to Eastern avenue and easterly on the 
same, diverging into an embankment in the south side of Patterson 
Park, to Streeper street. Here it turns to the south and, in order to 
keep under cover, the grade of Eastern avenue will have to be slightly 
raised at this point. At Fait avenue it runs eastward to Patuxent 
street, then to Hudson, to Potomac, to Dillon and to the eastern city 
boundary. 

Out/all Sewer and Submerged Outlet. 

■From this point the Outfall Sewer continues in a general southeast- 
erly direction to the shores of Chesapeake Bay, crossing Bear Creek 
by a submerged siphon, a total distance of 11.23 niiles. It is 11 feet 6 
inches in diameter, and is designed to take the maximum discharge from 
the forecast population of one million when running two-thirds full ; 
and its gradient will ensure a uniform velocity when half full of four feet 
per second. These conditions, with the elevation at outlet for a free 
discharge of the sewage, are elements which control the area of the city 
which may be served by the High-Level Interceptor without pumping. 
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At the upper end of the outJall sewer a settling chamber will arrest 
any sand, gravel, etc., brought from above, while at the lower end the 
iiewage will pass through a gate-house to a 66-inch submerged outlet 
pipe extending, at first installation, 5,000 feet out into the bay. 

The sewage thus disposed of will amount at first installation to a max- 
imum daily flow of 20 million galloris per day from 144,000 persons in 
the low-level districts, and of 6 million gallons per day from 56,000 per- 
sons in the adjacent high-level districts. 

Pumping Plani. 

The sewage will be delivered by the low-level interceptors at the 
pumping station, near Lombard and Front streets, and will there be lifted 
against a hydraulic head of about 54 feet through the force main to the 
High-Level Interceptor at Broadway and Lombard street. 

As one-half of the sewage must be provided for in 8 hours, the pump- 
ing plant must have a capacity sufficient to lift 30 million gallons per day 
against this head. 

To meet this service the estimates provide three 160 horse-fKiwer 
boilers and three 15 million gallon pumps, with two 3 million gallon 
pumps to dispose of the ground-water, which will be separately collected 
and discharged directly into Jones' Falls. 

Completed Work. 
.Low- Level Interceptors. 

The Low-Level Interceptors, which have already been described 
under the head of First Installation, will provide for a population of 
215,000. 

High' Level Interceptor. 

The Main or High-Level Interceptor collects the sewage from thai 
portion of the city lying above or to the north of it, and, with the Out- 
fall Sewer, conveys it to the submerged outlets in Chesapeake Bay by 
gravity. 

The entire sewage of the valleys of Gwynn's Falls and Gwynn's Run 
lying to the north will be collected at the intersection of Wilkens avenue 
and Bentalou street, from which point the interceptor is projected south- 
easterly to the Baltimore and Ohio Railroad property, thence parallel 
to the same to Calhoun street, in Calhoun to HoUins street, to Carey, 
to Lombard, and under the Calhoun Street and Carey Street Drains, 
to effect which a modified section may be required. It continues in 
Lombard to Schroeder, Pratt, Scott and Lombard streets, and up Frc- 
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mont avenue to German street. Here it passes in a ^phon of two 
cast-iron pipes under the Pine Street and Aich Street Drains near their 
junction at Penn street, over the Baltimore and Ohio Railroad tunnel, 
which is just cleared at German and Howard streets, up the latter to 
Fayette street, and eastward in that street. At Park avenue the Liberty 
Street Drain, 4 feet 6 inches in diameter, will have to be carried under 
the sewer. Continuing in Fayette street to St Paul street, it turns 
northerly into the latter, whence it continues to Madison street, to 
Calvert street, to Eager street, to Guilford avenue, thence northerly 
about 200 feet, thence easterly, and, dropping by a shaft to a lower 
level, it extends as a siphon of two steel pipes laid in a tunnel under 
Jones' Falls. On the eastern side of the Falls it rises again and runs 
south to Eager street, thence to Forrest street, to Madison street and to 
Caroline street. At Eden street, where the Central Avenue Drain is 
crossed, are-location of the latter may be necessary. The line continues 
southerly on Caroline street to Mullikin street, to Bond street, to Fair- 
mount avenue, to Bethel street, to Baltimore street, to Broadway and to 
Lombard street. Here it receives the low-level sewage, and continues 
as already described for first installation. The high-level service will 
serve a population of 785,000. 

Pumping Plant. 

On the completion of the work the low-level interceptors will deliver 
on an average 38 million gallons and a maximum of 30 million gallons - 
of sewage per day to the pumps. The latter must, however, be of 
capacity to take the sewage at times of greatest flow, or at a rate of 
45 million gallons per day, and pump it with a lift of about 54 feet to 
the high-level interceptor. 

For this service three 15 million gallon pumps are required, which, 
with one in addition to provide for contingencies and two 3 million 
gallon pumps for ground-water, give a total capacity of 66 million 
gallons per day. 

To provide the power for this work three 160 horsepower boilers will 
be required, which, with one held in reserve for repairs and contingen- 
cies, will supply a total of 640 horse-power. 

Oul/all Sewer and SuSmerged Outlets. 

The Outfall Sewer to the Chesapeake Bay provided for first installation 

will serve for ihe completed work without additional cost, but a second 

submerged 66-inch main will become necessary, which is estimated for, 

to extend from the shore to the point marked K in Plate H, about 3,\ 
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miles east of Rear Range Light. At the aame time it may be deemed 
expedient to extend the first submerged main to about the same dis- 
tance from shore. The cost of effecting this is also included in the 
estimates. 

PROJECT I^DILUTION. 

ESTIMATES OF COST. 

A — Summaries fob Constrdction. 

a. For Firat Installation : 

Pnmping station near Front and Lombacd streets. $69,SS0 00 
Pnmping machinery, three 15,000,000 gallon 

pomps and two 3,000,000 gallon pamps .. 120,500 00 

Boilers, three 160 horse-power 7,680 00 

Force main, 3,630 feet of 4g-inch cast-iron pipe. . 3S,960 00 

High-Level Interceptor, east of Broadway 344,332 00 

Low-Level Interceptor, east of Russell street. , . . 349,535 00 

Locust Point Interceptor, west of Race street. . . . 49,423 00 

York Street Interceptor, north of Ifughes ayenne. 10,191 00 

Ontfall Sewer, City bonndary to Chesapeake Bay. 1,698,855 00 

Right of way, City boundary to Chesapeake Bay. 25,000 00 
One 66-inch enbmerged outlet pipe in the Bay, 

5,000 feet in length 287,500 00 

$3,002,846 00 
Add for District Main Sewers 200,000 00 

Total «.202,846 00 

b. For Completed Work, to serve a population of one million. 

Pamping station near Front and Lombard streets. $69,880 00 
Pnmping machinery, fonr 15,000,000 gallon pumps 

and two 3,000,000 gallon pumps 158,000 00 

Boilers, fonr 160 horse-power 10,240 00 

Force main, 3,630 feet of 4S-inch cast-iron pipe. . 39,930 00 

Interceptors 1,694,906 00 

Ontfall Sewer, City boundary to Chesapeake Bay. 1,698,865 00 

Right of way, City boundary to Chesapeake Bay. 25,000 00 
Two 66-incb submerged outlet pipes in the Bay, 

11,100 feet in length 1,276,600 00 

$4,873,331 00 
Add for District Main Sewers 700,000 00 

Total $6,573,331 00 
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B; — Sdmuaries for Annual Maintenance, Interest and 

Renewals. 
a. For First Installation: 
Interest on first cost, including payment to sinking 

fund, $3,202,846 @ 4^ $128,113 84 

Depreciation and renewals: 

On interceptors, out-fall sewer, reticulation 

and district mains, $1,152,336 ®ii $20,761 68 

On submerged outlet and pnmpiug station, 

$357,380@l!( '3,573 80 

On force main, $39,950 (gi3i( 1,1S8 50 

On pumping machinery, $120,500 & i^ 4,820 00 

On boilers, $7,680 @ 5<t 381 00 

On siphons, $88,985 @ 3* 2,669 55 

$33,407 53 

Operation: 
Cost of pumping: 

Wages $17 75 

Oil and waste 2 00 

Coal, 7.0 net tons ® $3.50 17 50 

37 25 
10l« 3 73 

365 days® $40 98 $14,957 70 

Cleaning and inspection of interceptors and 

district mains 2,076 00 

Cleaning and inspection of leticnlation syst«m. 15,000 00 
Cleaning and inspection of ontfall, 5 men @ 

♦625 00 3,125 00 

Superintendent 1,500 00 

$36,667 70 

Total . $198,179 07 

- 6. For Completed Worlt: 
Interest on first coat, including payment to sinking 

fund, $5,573,331 00 @ iJS $222,933 24 

Depreciation and renewals ; 

On reticulation, interceptors, outfall sewer 

and district mains, $8,573,761 ® H $42,868 81 

On submerged outlet and pumping station, 

$1,346,380 @1^ 13,463 80 

On force main, $39,950 ® 3i( 1,198 50 

On pumping machinery, $158,000 00 @ 4't 6,320 00 

On boilers, $10,340 @ 5J6 512 00 

On siphons, $99,053 A 34 2,971 59 

67.334 70 

Carried .forward $290,267 94 
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Brought forward »390,267 M 

Operation: • 

Cost of pamping : 

Wages »30 35 

Oil and Waste 2 75 

Coal, 8.6 net tons O «2 SO SI 35 

»U 26 

10J6 4 43 

S66 dafBtS «48 68 WTiTeS 20 

Cleaning and inspeotion of Interceptors, and 

district mains 3,000 00 

Cleaning and. inspection of reticalation syatem.. 45,800 00 
Cleaning and inspection of ontfall, 5 men @ 

$625 00 : 3.125 00 

SnperintBndent 1,500 00 



Total , . 
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APPENDIX E. 

PROJECT L-M. 



As has been mentioned on page 37, if it should be found desir- 
able to treat the sewage before delivery into the bay by Project L, the 
necessary works can be built advantageously in the vicinity of the shores 
of the bay. The cost of such a plan has been estimated and is hereby 
presented as Project L-M. 

First Installation. 

The first installation of Project L-M is identical with that of Project L, 
which is already described on page 57. 

Completed Work. 

The completed work of Project L-M is identical with that of Project 
L to a point near the shores of the bay. 

Here, instead of continuing to and under the waters of the bay by 
submerged outlet mains, the sewage would be directed to a bacterial 
treatment plant for which adequate ground can be located without diffi- 
culty, and at much less cost than at Masonville. 

PROJECT L-M.— DILUTION COMBINED WITH 
SPECIAL TREATMENT. 

ESTIMATES OF COST. 
Summaries of Construction. 
a. First InstallatioD, for a popuUtion of 2UO,000. 

Estimated cost tlie same as for Project L $3,202,846 00 

(86) 
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b. Completed Work, for one million persons. 
Fnmping station near Front and Lombard 

stroeta '. $69,880 00 

Pamping maoliinery 158,000 00 

Boilers : 10,240 00 

Force main 39,950 00 

Interceptors 1,694,906 00 

Outfall sewer 1,898,855 00 

Right of way 25,000 00 

One 66-iucIi submerged outlet pipe 5,000 

feet in length 287,500 00 

Land for treatment 16,000 00 

Preparation of bacterial filters 1,250,000 OO 

Honse, ntensils, etc 10,000 00 

35,160,331 00 
Add for district main sewers 700,000 00 

Total., $5,8 
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REPORT OF JAMES MANSERGH, ESQ., C.E., 



BACTERIAL TREATMENT OF SEWAGE IN 
ENGLAND. 

London, nth January, 1899. 
To the Chairman and Members of the 

Sewerage Commission of the City of Baltimore ; - 
Gentlemen : 

On the nth August last your Chairman, Mendes Cohen, Esq., 
Past- President of the American Society of Civil Engineers, asked me 
by letter if I would undertake to advise you as to the bacterial treatment 
of sewage now much discussed in England, and after a short correspond- 
ence I agreed to do so. 

My attention was requested particularly to the following processes : 

(i) Dibdin's bacterial filters. 

(2) Cameron's septic tank. 

(3) Scott-Moncrieff '5 system. 

(4) Lowcock's aerated bacterial filters. 

(5) The Ferozone-polarite process. 

And I have added a sixth to the list, viz : . 

(6) Ducat's self-acting bacterial filter. 

My advice was requested as to the efficiency and availability of the 
methods of bacterial treatment now being tested and to the degree of 
their development. Also whether any of the methods are so successful 
as to warrant their application to the treatment of 40 million to I20 
million Imperial gallons per day, and if not yet proved reliable for such 
an amount of duty, whether they are suitable for suburban districts 
with a sewage flow of one to two and a half mUlion Imperial gallons 
per day. 

In order to get the latest facts, my partner, Mr, Strachan, has specially 

examined Dibdin's filters at Sutton and Barking, Cameron's septic tank 

at Exeter and Yeovil, Lowcock's aerated bacterial filters at Wolver- 

(67) 
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hampton, the Ferozone-polarite process at Huddersfield and Chorley, 
and Ducat's self-acting filter at Hendon. 

I asked Dr. Sims Woodhead, F. R. S. E., Director of the Research 
Laboratories of the Conjoint Board of Physicians (London) and Sur- 
geons (England), to co-operate with me as to the bacteriological features 
of the processes, and I append those extracts from his report which are 
of especial interest. 

Accompanying this report there are 5 drawings to illustrate and 
explain the descriptions: 

(i) The Dibdin bacterial filters at Sutton. 

(2) The Cameron septic tank at Exeter. 

(3) Ducat's aerated filters, the polarite filters at Chorley and Low- 
cock's filters. 

(4) A diagram showing the etFect of subdivision on the rotation of 
the filters. 

(5) A diagram showing the rotation of the filters during rain. 

It will conduce to a full understanding if I divide my report into 
three, and I propose in the first part to set out the facts and results of 
each of the processes, in the second to criticise them, and in the third to 
add a few words as to their applicability to Baltimore. 

Part I. 
Dibdin's Bacterial Fillers. 

In the summer of 1892 the London County Council conducted a 
series of small experiments on the filtration of the selvage efRuent fi-om 
the precipitation tanks at the northern sewage works of the Metropolis 
at Barking, by passing it through filters containing burnt ballast, pea 
ballast, coke breeze, sand and polarite. 

At the Barking works the crude sewage is first treated with 3.7 grains 
of lime and one grain of protosulphate of iron per gallon, and after; - 
passing slowly through the precipitation tanks the sewage effluent is 
turned into the storage chambers and then discharged into the River 
Thames opposite the works. The effect of the precipitation is shown 
by the following table, which gives the average results of a complete 
series of two-hour samples for the whole year 1894 : 

Crude sewage. Sewage elBnont. 
Grains per gauon. 

Total snBpended matter 29.8 7.1 

Total dissolved solids '. 60.2 63.3 

Chlorine 11.1 10.8 

Oxygen absorbed from permangaDate in 1 hoars.. 3.124 3.225 

Free Ammonia 3.027 3.137 

Albuminoid Ammonia.. 0.353 0.356 
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Broadly speaking, there is a considerable reduction of the suspended 

matters, but in other respects the analyses show little difference between 
the crude sewage arid the effluent, the process being specially designed 
for the removal of the suspended matters only. 

The filters were each about 24 yards in area, and something less than 
200,000 gallons of sewage effluent was iiltered through them. The 
results obtained appeared to show the superiority of coke breeze as the 
filtering medium, and accordingly a filter having an area of one rfcre was 
made, in which fine pan breeze was placed for a depth of 3 feet and cov- 
ered with a 3-inch layer of gravel as a weighting material. There were 
perforated drain-pipes laid on the bottom of the filter to assist in the dis- 
charge of the filtrate, which passed into a ditch and then into the river. 

At the outset an attempt was made to pass one and a quarter mil- 
lion gallons per day through this filter, with the result that it ceased to 
act in about six weeks, and became putrid throughout. 

It was allowed a period of rest, and at the end of 14 weeks it recovered 
itself and was sweet once more. 

In April, 1894, it was at work again, and small quantities of sewage 
effluent from the precipitation tanks were put on to it at first, and were 
gradually increased to 500,000' gallons per day as it got into condition, 
which it did in about five weeks. The analytical results obtained were 
as under : 

Sewage effluent. Filtrate. 

Oralua per gallon. 

(1) Oxygen absorbed iu 4 hours 4.096 0.H56 

(2) Albuminoid Ammonia 0.416 0.095 

(3) Nitrogen as Nitrates 0.1280 0.2378 

The quantity per day was then increased to 600,000 gallons for 
three months, and the following average results were obtained : 

Sewage emaent. Filtrate. 

Grains per gallon. 

Oiygen absorbed in i honra 3.608 0.730 

Albuminoid Ammonia 0.396 • 0.113 

Kitrogen as Nitrates 0.0223 0.1414 

By this lime the method of working the filters to the best advantage 
wds better understood, and the rotation of the fillings was systematized. 
The filler was filled to the surface in about 2 hours, the sewage effluent 
remained in it at rest for i hour, and the emptying and aerating occupied 
five hours, thus making a cycle of eight hours. Three cycles a day for 
five days a week and two on the sixth day were regularly done for 
eight weeks, there being a rest of 32 hours each week end. An average 
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of one million gallons per day, calculated over seven days a week, was 
dealt with in this way, with the following average results: 

8«wsse emueut. Filtrate. 

Grains per Ballon. 

Oxjgen absorbed in 4 hODri 4.113 0.935 

Albuminoid AmmoDia 0.SS3 0.114 

Nitrogen as Nitrates 0.3956 0.6990 

These results were obtained in the winter of 1894-5, when ice formed 
on the surface of the filter. 

The filter is now altered and has a depth of 6 feet of coke breeze 
filtering material, and the under-diains have been enlarged in size and 
increased in number. The enlarged filter is used tidally, and has, there- 
fore, two cycles a day. It is filled in 2j4 hours, stands full two hours 
and drains off for 8 hours, but the lime allowed is not enough for the 
filter to clear itself. On the ist of December last the filter was filled once 
only, and after standing 2 hours was allowed to drain off for 19 hours. 
The valves were then shut, and 14 inches of filtrate was found on the 
bottom. The reduced number of cycles per day and the difficulty of 
emptying the filter have operated to keep the output of the 6-feet filter 
at practically the same quantity as the 3-feet filter. The filtrate is clear 
and inodorous, with a slight iron tinge; 

It may be of interest to state that for three months in the spring of 
1897 the crude sewage at Barking was not treated chemically. It was 
passed through the precipitation channels in the same manner as when 
the lime and iron were added, and some of the solids in suspension 
settled to the bottom, ' The 5-feet filter was used during those months 
for the partially clarified sewage in exactly the same manner as for the 
sewage effluent from the precipitation process, and with equal results. 

The experience gained at Barking led Mr. Dibdin to suggest in 1896 
to the Urban District Council of Sutton, in Surrey, of which body he was 
a member and is now Chairman, the advisability of applying the crude 
sewage to filters filled with coarse material, and then putting it into fine 
filters in the same manner as was done with the sewage effluent from 
the precipitation process. This idea was accepted by the Council and 
a portion of the sewage was dealt with. This method of dealing with 
sewage without the aid of chemicals or mechanical precipitation was 
brought to its present stage by Mr, Dibdin, and is now known as his 
process. He has not attempted to obtain proprietary rights in it. 

Sutton is situate about 12 miles from London and is partly on the 
chalk and partly on London clay. It has a population of 16,000, of 
whom 13,000 occupy premises draining to the sewage iarra. The dry 
weather flow of sewage is 400,000 gallons per day. No rain water 
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enters the sewers by direct means, but after rain the percolation of sub- 
soil water increases the daily flow, and at times the total rises to 800,000 
gallons. The town is thus drained on the separate system, and the 
sewage is of a domestic and household character in a strict sense. 
Three-fourths of the quantity flows to the farm by gravitation and the 
other fourth is pumped into the gravitation sewer near to the tanks. 

The farm was laid out and the sewerage works were constructed in 
1893. The total area is 25.17 acres, and the land is wholly situate on 
clay. The scheme was designed as one of chemical precipitation, with 
filtration of the tank effluent through artificial filters and the application 
of the filtrate to land. The levels of the farm are such that 15.65 acres 
can be irrigated with tank-effluent, and l0.2^ acres with the filtrate, if 
desired.* 

Six precipitation tanks were originally constructed, each having a 
water surface of 55 feet by yi% feet, and a capacity of 50,000 gallons, or 
300,000 gallons all told. 

The filters were also six in number, each with a filtering sur&ce of 
35 feet by 20 feet and a depth of 2 feet 9 inches. The area of each 
filter is 77 yards, which gives a total of 462 square yards for the six. 

In November, i8g6, the use of Tank No. i for precipitation was dis- 
continued and its use as a coarse bacteria tank commenced. It was at 
first filled for a depth of 3 feet 6 inches with burnt day ballast from which 
the finer parts which passed a three-quarter-inch screen had been taken 
out, and the depth was increased to 5 feet. The content of the filtering 
material in this and the other coarse filters is 8,387 cubic feet or 310 
cubic yards. 

In March, 1897, Tank No. 2 was filled to a depth of 5 feet with burnt 
ballast in layers of varying coarseness. ' The bottom 2 feet passed a 
screen with a mesh of one-sixteenth of an inch. The succeeding layers 
increase in coarseness until at the top the pieces of burnt ballast are as 
large as hens' eggs. 

Tank No. 3 was also filled in 1897 in the same manner as No. i, and 
in 1898 Tank No. 4 was likewise converted. 

Tanks 5 and 6 are used for chemical precipitation, as first designed. 
Nos. I, 2, 3 and 4 are thus coarse bacterial filters with a total content of 
33,548 cubic feet or 1,240 cubic yards. 

The whole of the six original filters have been changed into fine bac- 
teria beds, and two others have been added. 

Filter A contains 2 feet 9 inches in depth of burnt clay ballast which 
has passed a half-inch screen and includes the fine stuff, and thus hag a 
content of 1,925 cube feet or 71 cube yards, 

«8e« Plate IX. 
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Filters B, C and D each contain layers of various materials. On the 
bottom of each there is 5 inches of coarse gravel, then 4 inches of pea 
gravel, then 5 inches of sand, followed by 13 inches of coke breeze, 
which was held back by a M-inch screen, and not exceeding one inch, 
and on this the top layer, 8 inches thick of coke breeze, which passed 
a iVinch screen. Each has a content of 3,052 cube feet or 76 cube 
yards. 

Filters E and Fare made on waterworks' lines. The bottom 5 inches 
is of coarse gravel averaging two inches in size, then follows 5 inches of 
pea gravel, 5 inches of coarse sand and 20 inches of fine sand as the top 
layer. These have the same content as B, 

Filters G and H are not brick structures like the six just described. 
Advantage was taken of the fact that the sub-soil was stiff clay, and 
two excavations were made in it, the material obtained was burned into 
ballast, and after it was screened part was replaced to form the filtering 
material. The clay sides and bottom are ilaturally watertight. 

Filter G has a filtering surface 131 feet long and 34 feet wide, or 495 
square yards. It has 22 inches of burnt clay ballast ranging in size 
between ^ inch and % inch, and on this there is 10 inches of fine coke 
breeze, making a total depth of 2 feet 8 inches. The content of filtering 
material is, therefore, 1 1,878 cube feet, or 440 cube yards. 

Filter H is 180 feet long and 36 feet wide, and has a filtering area of 
720 square yards. On the bottom there is 23 inches of burnt clay 
ballast of the same size as in filter G, followed by a similar lo-inch 
layer of coke breeze, making a total depth of 2 feet 9 inches. The con- 
tent is 17,820 cube feet or 660 cube yards. 

The fine bacterial filters have a content of 41,883 cube feet or 1,551 
cube yards. 

In addition to the Dibdin filters just named there is a filter with porous 
walls having an area of 308 yards, containing 8 feet of burnt ballast in 
various layers. It was intended to be one of Colonel Ducat's filters, 
but he is not satisfied with its construction and disclaims it as repre- 
senting his process. 

The whole of the sewage passes through a wire mesh rotatory screen, 
which thoroughly removes the floating solids and paper, 

200,000 gallons per day are treated chemically with 9 grains of lime 
and 2 grains of protosulphate of iron and passed through precipitation 
tanks 5 and 6, and the tank effluent is passed either on to the land or 
through the fine bacteria filters. 

120,000 gallons per day are dealt with in the four coarse bacteria 
filters, and then passed to the land or into the fine filters. 

80,000 gallons per day are passed through the so-called Ducat filter, 
and then on to the land or into the fine filters. 
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When the infiltration of rain water into the sewers raises the quantity, 
each of the above proceses receives its proportion, but the excess does 
not in any case exceed double the dry weather flow. 

The working of the Dibdin filters is as simple as can be. 

On the top of the filtering material in the coarse filters there is a 
shallow distributing channel into which the screened crude sewage is 
turned, and from which it overflows into the burnt ballast. When the 
liquid rises to within an inch or two of the top, the sewage is diverted 
into another filter. The charged filter is allowed to stand full for two 
hours and then the outlet valves are opened and the contents dis- 
charged. The air passes fi^eely into the filter as the liquid is discharged 
and a period of 2 or 3 hours is given for aeration, after which the 
filter is then ready for use again. 

The operation of the fine filter is identical with that of the coarse one. 

The liquid which is discharged from the coarse filter b turbid and 
has a modified sewage odour when shaken up. 

The filtrate from the fine beds is slightly opalescent for the first few 
minutes of the discharge, but it then clears itself and is bright and 
inodorous. 

The filters deal with the whole of the constituents of the sewage 
without producing sludge or any bye-products, and the following list 
of average results abstracted from the analyses of Mr. Dibdin show the 
changes efiected : 

Results stated in grains per gallon. 
For 7 weeka ending 29th March, 1897. 



Suspended matters. 35.10 

Chlorine 7.45 

Oxygen absorbed in 4 hours .' 4.035 

Nitrogen as Nitrates 0,003 

Nitrogen as Nitrites 0.030 

Free Ammonia 6.635 

Albuminoid Ammonia 0.725 

For 7 weeks ending 24t]i May, 1897.' 

Suspended matters 84,66 

Chlorine 8.51 

Oxygen absorbed in 4 hours 3.546 

Nitrogen as Nitrates O.ODO 

Nitrogen as Nitrites 0.001 

Free Ammonia 4.778 

Albuminoid Ammonia 0.786 



nitrate. 


aitrate. 


2.65 


0.954 


6.41 


6.00 


1.717 


0.608 


0.424 


1.413 


0.210 


0.043 


2.180 


0.237 


0,298 


0.158 


s. 


V^i 


2.91 


0.497 


7.47 


7.56 


1.452 


0.620 


0.399 


0.723 


0.120 


0.048 


2.027 


1.151 


0.360 


0.178 
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In connection with one of my own schemes I had occasion to secure 
the services of the eminent chemist, Sir Edward Frankland, F.R.S. 
etc., and he personally took samples of the crude sewage, and the 
filtrates in January, 1898. 

With the consent of my clients I set out his analyses hereunder : 

Results expressed in parts per 100,000. 

fvnrta Coarse Fine 

gi-™! bea bed 

sewage. aitrate. flltrate. 

ToUl solid matters 96 . a 6i.G 90. 1 

Sospended matter — 

Mineral 20.0 Turbid Turbid 

Organic 53.8 Turbid Turbid 

Organic Carbon 4 . 45S 1 . 514 .989 

Organic Nitrogen .898 .308 .173 

Ammonia 7.0 2.0 .82 

Nitrogen ^a Nitrates and Nitrites l.OIl 2.645 

Total Combined Nitrogen 6.663 2.966 3.493 

Chlorine .* 11.6 8,5 11.3 

I requested Sir Edward to furnish me with his opinion as to whether 
the results were within the standards set up by the Royal Commission 
appointed in 1868 to inquire into the best means of preventing the pol- 
lution of rivers, of which he was a member, and he replied : "You will 
see that the final effluent of the aerobic filter is, in every respect, well 
within the Rivers Commission standards. The nitrification has been 
very energetic whilst the raw sewage was above average strength. I 
collected the samples myself" 

As an illustration of the times of working the coarse filters I may say 
that during August, 1898, Nos. j and 2 were in use 27 days and were 
each charged 8 1 times ; No. 3 was inuse 21 days and was charged 63 
times, and No. 4 was in use 31 days and was charged 93 times ; that is, 
3 times per working day. 
The three cycles of each coarse filter are as follows : 

H. M. 

Filling 0—20. 

Standing fall 3—0 

Emptying — 45 

Aerating 2 — 

Total 5—6 

or a total of 15 hours 15 minutes — and for the remainder of the day 
the filter is recuperating. 
The cycle of the fine filters is similar to that of the coarse ones. 
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Coarse filter No. i waa put into action in November, 1896, and, to the 
end of November, 1898, has been charged 1,625 times, on an average of 
2j^ times per day. 

Coarse filter No. 2 was put into action in March, 1897, and, to the end 
of November, 1898, has been charged 1,156 times, on ao average of I.9 
times per day. 

Coarse filter No. 3 was started in July, 1897, and, to the end of 
November, 1898, has been charged 1,097 times, on an average of 2.21 
times per day. 

Coarse filter No. 4 was started in April, 1898, and, to the end of 
November, 1898, has been charged 583 times, on an average of 2.71 
times per day. 

At the outset the water content of the coarse filter was 32 per cent, of 
the content of the tank to the top of the filtering material, but it has by 
use deteriorated to 19 per cent. 

The water content of the fine filtera may be taken at 33 per cent., and 
does not vary when once the filter is in condition. 

There is no accumulation of sludge in any of the filters, and when 
dug into there is no appearance of any sewage matters, and the odour is 
only that of damp earth. 

The differentiation of the layers and filtering materials does not 
appear to be ao advantage. 

The coke breeze appears to be the more suitable material for the fine 
filters, but it is not much superior to burnt ballast. 

The experience at Sutton shows that the coarse filters deal with 95 
gallons per cubic yard per day of filtering material, and the fine filters 
with 208.4 gallons. 

Cameron's Septic Tank. 

On Drawing No. 2* I have shown a plan of the City of Exeter, and 
have hatched the district of St. Leonards thereon. The St. Leonards 
district is within the city boundaries, but it has a set of sewers inde- 
pendent of the sewers which drain the other and more important 
parts of the city. The total population of Exeter is about 38,000, of 
which 1,500 reside in St. Leonards. 

The experiments on sewage treatment by the septic-tank process, 
conducted by the city authorities under the direction of Mr. Donald 
Cameron, the City Surveyor, have been made with the sewage of the 
•St- Leonards district only. In 1896, after a small experiment with 
part of the sewage, the whole of the dry weather flow and part of the 
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rainM was dealt with by the installation at present working, and which 
is shown on the drawing. 

The sewage is wholly domestic and in dry weather amounts to 31,380 
gallons per day. 

The main sewer is 24 inches in diameter, and previous to the septic 
tank treatment the sewage was discharged from it into the River Exe 
in a cnide state. 

In order to divert the sewage to ±e septic tank, a small sump is 
sunk in the 24-inch sewer, 8i inches below the invert, and immedi- 
atdy on the down-stream side a weir 8 inch.es high is built across the 
sewer. 

From the bottom of the sump a 6-inch drain is laid on the right hand 
of the sewer looking down-stream, dischai^ng into a covered manhole 
adjoining the main sewer, in which there is a detritus chamber 4 feet 
square and 18 inches deep below the invert of the drain, for the collec- 
tion of grit and mineral substances. This manhole is connected to the 
septic tank by a 6-inch drain 155 yards long, with a gradient of i in 
1,000 and a maximum discharge by careful gauging of 122,040 gallons 
per day. 

The works described completely divert the whole of the dry weather 
flow of sewage without any screening to the septic tank, and also the 
rainfall up to three additional volumes, any excess of rain overleaps the 
weir in the sewer and flows direct into the river. 

Close to the septic tank there is a small shallow distributing chamber 
from which two separate 6-inch drains convey the sewage to the tank 
itself. 

The septic tank is a covered rectangular structure, with a slighdy slop- 
ing bottom, vertical walls and segmental roof Its internal length is 64 
feet 10 inches, its breadth is 18 feet, and the mean depth of sewage 
when working normally, is 7 feet 4^ inches. The bottom slopes 3 inches 
transversely from the walls to the centre, and 6 Inches longitudinally 
from the outlet lo the inlet end. At the inlet end the depth is 7 feet 
6 inches at the side walls and 7 feet 9 inches in the centre, and at the 
outlet end 7 feet at the side walls and 7 feet 3 inches at the centre. The 
normal level of the sewage is at the springing of the arch, which has a 
versed sine of 3 feet. 

At the inlet end of the tank there is a transverse division wall 7 feet 
from the end, the top of which is twelve inches below water-level. The 
space so formed is divided into two equal parts by a division wall on 
the longitudinal axis of the tank, the top being 6 inches below water- 
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level. These two enclosures are known as the grit chambers and have 
a depth of lo feet. 

In the centre of the tank there is a covered inspection well. The 
bottom of- the well is level with the bottom of the tank, and its mouth 
is at the top of the roof. In its sides are stout glass windows, and its 
only purpose is to afford facilities for inspecting the action of the pro- 
cess on the sewage. 

There are also three manholes in the roof for access to" the tank 
itself and also six small 3-inch holes for sampling. The manholes and 
sampling places are covered. 

Although the tank is not, strictly speaking, gas-tight, yet there is no 
free communication from the inside with the air and light. 

The two 6-inch draing which come from the shallow manhole go into 
the grit chambers, one to each. Their inverts are at normal water-level, 
but both pipes are continued downwards for five feet, so that the incom- 
ing sewage is discharged that depth below the surface. 

At the outlet end of the tank the discharge pipe is fixed on a ledge 
on the wall i6J^ inches below the water. The pipe is slotted and extends 
the whole width of the tank. The outlet is, of course, turned up 16% 
inches, and at the beginning it discharged direct into the aerating chamber. 
A small sedimentation chamber was added to the tank in July, 189S, 
for the purpose of arresting the matters which appeared on the surface 
of the filters as scum, and into this chamber the sewage from the sepdc 
tank now flows before it goes to the aerator. 

The water content of the septic tank is 53,800 gallons. 

The aerator chamber contains a V notch for gauging the flow of sew- 
age, and after passing it the sewage flows into a shallow trough 7 feet 
long and falls over the sides into the pipes which distribute it onto 
the filters. 

There is no screen for arresting the solids on any part of the works. 

There are five filters having an area of 80 square yards each. The 
walls are vertical and the bottom flat, with a &11 of 3 inches toward the 
ouUet end. In each there is an average depth of 5 feet of filtering 
material. 

On the bottom of the filters there are 3-inch collecting drains, laid 
parallel to each other, and over and between them there is a layer of 
coarse gravel following the slope of the floor 6 inches thick. In all 
other cases the filtering layers are level on their top surfaces. 

No. I filter is filled above the gravel with broken clinker which 
passed a half-inch screen and was held by an eighth-inch screen, but 
the top 3 inches is of finer stuff. 
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No. 2 filter is the same as No. i, save that the first to inches of 
cHnker above the gravel is coarser than the rest, having passed an inch 
screen and being held by an eighth-inch screen. 

Na 3 filter has above the gravel lo inches of coke breeze which 
passed an inch screen, and then 44 inches, that is, to the top, with coke 
breeze which has passed a half-inch screen. 

No. 4 filter has above the gravel a lo-inch layer of clinker which 
passed a one-mch screen and was held by an eighth-inch screen, then 
32 inches of clinker which passed a half-inch screen and was held by an 
eighth-inch screen, and then 12 inches of coke breeze which passed a 
half- inch screen. 

No. 5 filter has above the gravel 42 inches of clinker which passed a 
half-inch screen and was held by an eighth-inch screen, and then 12 
inches of coke breeze which has passed a half inch screen. 

A semi-circular distributing pipe is embedded on the filtering 
material in each filter, with its top level with the surface. In filters i, 2, 
4 and 5 this pipe is laid diagonally, but in filter 3 it is parallel to the 
long sides. 

The effluent drain from the outlet wells is level with the bottom of 
the filters and discharges direct into the river. 

There is an ingenious automatic alternating gear which is operated by 
an overflow from the filters. When a filter is fully charged, some of the 
filtrate overflows and fills a tilting basin, which closes the outlet valve of 
the filter which is next to'be filled, opens the inlet valve of the same 
filter, shuts the inlet valve of the filter which has just been charged, and 
opens the outlet valve of the filter which is to be discharged. 

The working of the process is simple and automatic. 

The sewage from the main sewer passes into the grit chambers and 
then into the septic tank, and overflows therefrom into the shallow 
trough. In dry weather the sewage was in the tank about 40 hours 
when it was first put to use. A deposit on the bottom of the tank has 
taken place at the rate oi 1% inches per month, and after 26 months' 
continuous work there is a total depth of 35 inches. On the surface of 
the sewage there is a layer of scum 2 inches thick which gathered in 
two months after the start, which increases in winter and decreases in 
summer. The space between the top of the deposit and the under side 
of the scum layer is that through which the sewage passes. 

There is a constant rising of gas bubbles from the bottom to the sur- 
&ce, carrying with them small particles of solids, which iail off as the 
bubbles rise. 
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The gases generated rise isto the space between the scum and the 
roof, and escape through the concrete when they are not used for light- 
ing, or arc liberated by the removal of the covers for inspection. There 
is no pressure in the tank at any time, even when no means are taken to 
draw off the gases. 

The tank effluent in the shallow trough is apparently putrefying, and 
a shght smell is to be observed there. 

The filters are -used in combinations of four. The tank effluent is 
■ turned into each in rotation and fills the interstices to the top of the 
filtering material, and is then automatically diverted into another filter. 
The filter which is filled is allowed to rest full until the automatic gear 
is next operated by the filling of the next filter, when the outlet valve 
is opened and the liquid is discharged into the river. The filter is then 
allowed to rest for a time, which is determined by the rate of flow of 
the sewage, and is then filled again and the cycle is repeated. 

The working of the filters is such that every fifteen or sixteen days 
one of the five has two or three days' complete rest. 

When the filtering material was first put in, the water space was 38 
per cent, of the bulk occupied, but during use this diminishes to 26 per 
cent. After the two or three days' rest, however, it recovers itself, but 
not quite to 38 per cent. A feir mean of the whole time of use would 
be 33 J^ per cent. 

A scum gradually accumulates on the surface of the filters, and is 
removed once or twice a year by taking out the filtering material to a. 
depth of 2 inches. 

The. present installation commenced work on the 21st August, 1896, 
and has gone on uninterruptedly until to-day. 

The detritus manhole near the outfall sewer has been emptied from 
time to time, and about one cubic yard of mineral matter taken out 
When this is done the deposit is stirred up so as to send all the organic 
matter to the tank. 

The two grit chambers in the tank have not been emptied. 

Except the mineral matter, the installation has dealt with the whole 
of the sewage of the St. Leonards district and a proportion of the 
rainfall up to a total of 122,000 gallons per day, and disposed of it, ex- 
cept the deposit and scum in the tank. 

The first rush of the filtrate is opalescent, but it soon becomes clear 
and bright, and is without smell. 
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The analytical results of the process are as follows : 
By DibdiD and Thudichum. (April and June, 1897.) 
Results in grains per gallon. 

Crude sewage. Tank efflueiit. FUtrate. 
Snap ended Soli da. 

Uineral 10.0 3.5 Practically 

Organic 14.5 7.8 nil. 

Dissolved Solids. 

Mineral 14 . 16 . 1 20 . 3 

Organic 16.9 14.6 34.2 

Chlorine 5.0 5.1 5.3 

Oxygen absocbed in 4 hours 2.028 1.405 0.388 

Nitrogen as Nitrites 0.253 

Nitrogen as Nitrates 0.353 

FieeAmmonia 3.778 2. 783 '1.705 

Albami no id Ammonia 0.212 0.175 0.078 

Another series of analyses by Messrs. Pearmain and Moor are set 
out hereunder : 

Results in grains per gallon. 
Arerages ot aix samples of each. 

Crude sewage. Tank effluent. Filtrate, 

Total Solidfl 57 . 1 37 , 67 31.5 

Mineral Matter 28.3 24.5 24.83 

Loss on Ignition 28.83 13.17 6.67 

Chlorine 6.05 4.51 4.51 

Oiygen Absorbed 4.21 X.41 0.32 

Nitrogen as Nitrites. 

Nitrogen as Nitrates ...... 0.91 

Saline Ammonia 4.36 2.83 1.19 

Albuminoid Ammonia 0.74 0.40 0,11 

Yeovil Seplic Tank. 

Visit 8lh November, t8^8. 

The sewer from which the sewage passed through the septic tank is 
obtained, conveys one-sixth of the whole of the sewage of the borough, 
and of this one-sixth about one-quarter only is intercepted ; that is to 
say, the quantity treated is actually one- twenty- fifth of the town's sew- 
age. The sewer selected conveys an average quality of the town's 
sewage, and was chosen for that reason. 

There is a large admixture of liquid trade refuse with the sewage, 
consisting in the sewer tapped of brewery refuse, the waste from leather- 
staining and dyeing, etc. The chemicals used by the traders include 
large quantities of red arsenic, sulphates of copper, iron and zinc, alum, 
salt, potash, lime, hydroleine and vegetable colouring. 
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The sewer containing the one-sixth of the sewage is 21 inches in 
diameter, and is tapped at a manhole by a 6-inch pipe, having its 
invert level with that of the 21-inch pipe. The centre line of the 
21-inch sewer is straight in plan, but on the left-hand side of it, looking 
in the direction in which the sewage is flowing, the 6-inch drain 
branches off, having its mouth in the same face of the manhole as the 
down-slream part of the 21-inch sewer. The mouths of the sewers are 
wilhin six inches of each other. In order that there may be diverted 
into the 6-inch drain a proper proportion of the floating solids, a board 
two inches deep is placed in the manhole at an acute angle across the 
2i-inch' sewer, with ils top level with the soffit of the 6-inch sewer. 
The upstream end of this board is against the right band side of the 
channel in the manhole, and its down-stream end is fixed against the 
manhole wall between the two sewers. There is thus a space below 
the bottom of the board, varying from nothing at the ends to four inches 
in the centre, through which the sewage flows to the 21 inch sewer in an 
unobstructed manner. When the depth of sewage flowing in the 21- 
inch sewer is above the bottom and below the top of this board, the 
whole of the solids floating on the surface are diverted into ihe 6-inch 
drain. At other times there is a rough division of the quantity between 
the sewers, but the proportions cannot be stated with accuracy. 
. There is a manhole on the 6-inch drain about 15 feet from the septic 
tank, in which the grit partly subsides. This is cleaned out from time 
to time by hand, care being taken to vigorously stir the deposit so as to 
free it from organic matters. The deposit removed is lying alongside 
the manhole and is mineral matter. In this manhole there is an over- 
flow pipe discharging into the continuation of the 21-inch sewer. 

The effect of the intercepting arrangements described is that the flow 
of sewage into the tank is at a fairly even rate all the day. When rain 
occurs, the greater part of the increased quantity in the main sewer 
flows over the board into the 2i-inch sewer at the first manhole, and 
what little of it is forced through the 6-inch drain by the increased head 
in the manhole is spilled by Ihe overflow in the second manhole. 

The septic tank is roofed over with a brick arch, and has a flat 
bottom, vertical walls, and is more or less air-tight. 

It has an internal length of 50 feet, a breadth of 12 feet and a depth 
of sewage of 6 feet. At the inlet there is a transverse cross wall 5 feet 
6 inches from the end) and the space so formed is divided into two by 
a central wall ; and both of these walls have their tops about 2 inches 
below water-level. The two spaces so formed are called grit chambers. 

Each of these grit chambers receives one of the two 6-inch sewers 
which leave the second manhole, and the inlet pipe is continued down- 
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wards to within 2% feet of the bottom. The level of the sewage in the 
tank is the same as the inverts of the 6-inch sewers, where they enter 
the tank wall just where the descending pipes commence. The septic 
tank,- including the grit chambers, holds 22,000 gallons of sewage when 
working normally. 

The outlet from the tank consists of a 5-inch slotted pipe laid on a 
bench on the end wall furthest from the inlet, about 16 inches below the 
sewage level, and discharges into a small measuring well or manhole 
outside the tank. 

The filters are now six in number and have a surface area of 240 
square feet each, and a depth of 3 feet, which equals a total of 160 
square yards in area and of 160 cubic yards in content. 

There is an automatic gear for opening and shutting the valves which 
admit the tank effluent to the filters, and the filter effluent into the Dod- 
ham Brook, adjoining the works. These valves are actuated by the 
overflow of the tank effluent from the filler which is being filled passing 
into a bucket-tilting arrangement, which diverts the tank effluent to an 
empty filter, and liberates the water in the filter which has been stand- 
ing charged. Two of the filters are out of use for aeration and recupera- 
tion in regular rotation for three days, at intervals of six days ; that is to 
say, four filters are actually doing the work at any given time. 

When the works were first started in September, 1896, the 6-inch 
sewer delivered 22,000 gallons per day to the tank. The filters were 
then three in number, each of which was subsequently divided into two, 
making the present six, so that the total area and content at the outset 
were slightly in excess of the present ones by the area and cubic con- 
tent of the new division walls. 

The material in the first filters was coke of a rather coarser nature 
than is now used for filtration, varying in size from 1% inches to buck- 
Shot pieces. 

The original arrangement was in use from September, 1896, to Feb- 
ruary, i8g8, or 17 months. 

It was found in practice that with three filters, one of which was 
recuperating, it was necessary to discharge the others without any period 
of standing full, and this, together with the coarseness of the filtering 
material, told against the quality of the filtrate. 

Accordingly, in February, 1898, the works were thrown out of use 
and the filtering material removed. There was na accumulation of 
sludge or deposit on the bottom of the filters ot on the filtering material. 

The filters were each divided into two by a central longitudinal 
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division wall, and refilled with carefully selected fine filtering material, 
as under — 

No. 1 Filter— Broken clinker witb a layer of chalk. 
" 2 " — Broken coke. 
" 3 " — Broken coke. 
11 ^ II —Locomotive smoke-boi ciDdei. 
" B " — Broken clinker. 
" 6 " — Broken clinker. 

The depth of 3 feet was not altered. Across each filter in a diagonal 
direction there is a semi-circular distributing pipe bedded to the lip in 
the filtering material. 

On May 2.1st last the new fillers were put into use. All the other 
works, such as the tank, the 6-inch sewers, etc., were not altered in 
any way. 

By the new arrangement each filter has a quiescent time of one hour, 
at least, when full, and this, together with the finer materials, has 
resulted in an improved effluent. 

The grit chambers have been cleared of mineral matters four times 
since September, 1896, but the total amount of deposit in the septic 
tank is only one inch from the commencement to date. 

The stream into which the effluent is dischat^ed shows no fungus at 
the oudet. 

The experience of the Council has determined them to apply this 
system to the whole of the sewage of the town, and a scheme for doing 
this is in operation. 

The ratio of one day's flow as the capacity of the septic tank, will be 
followed in the new scheme, but the ratio of filtering capacity in relation 
to the dry -weather flow will be somewhat increased. 

Lowcock's Aerated Bacterial Filters. 

The original experiments by Mr. Lowcock of forcing air into an arti- 
ficial filter to assist in the treatment of sewage were made at Malvern 
Link in 1S92, but his later and more matured trials have been made at 
Wolverhampton and Tipton. 

The Malvern Link Experiments tended to show that a quarter of a 
million gallons of crude sewage could be dealt with on a filter having an 
area of one acre, but that there was considerable difficulty from the 
clogging of the surface. The experiments with tank effluent after the 
crude sewage has been chemically treated were freer from difficulty, 
however, and the installations at Wolverhampton and Tipton deal with 
tank effluent only. 
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In 1894 a sand and gravel filter was made on Mr. Lowcock's system 
at the Wolverhampton Sewage Works with an area of 12 square yards 
and of the following section. The bottom layer is 6 inches deep and 
consists of one-inch pebbles, and in it are the underdrains. On it 6 
inches of J^-inch gravel is laid, followed by 3 feet 9 inches of gravel 
and dolomite chippings averaging % inch in size. On the top of the 
chippings the perforated air pipes are laid, and they arc surrounded and 
covered by 6 inches of one-inch pebbles. There then follow three 
layers of gravel and sand each three inches deep, thus making a total 
depth of filtering material of 6 feet. It will be seen that the air pipes 
are 15 inches below the surface. 

The air was driven into the filter at a pressure of 3 inches of water 
by a Root's blower. 

After the crude sewage had been treated with lime the tank effluent 
was applied to the filter at the rate of 1,000,000 gallons per acre. For 
the first month nitrification proceeded slowly, but the efficiency of the 
filter gradually increased until after one year's working the following 
results were obtained : 

Results stated in parts per 100,000. 

Tank efflneat. Filtrate. 

Chlorine (graina per gallon) 14.0 16.8 

Oiygen absorbed l.T 0.4 

Nitrates Traces 2.68 

Free Ammonia 4.0 1.20 

Albuminoid Ammoaia 0.35 0.07 

The tank effluent had been applied continuously to the filter in. an 
even stream, except that once a week the surface was allowed lo dry 
and it was then raked over, and at intervals of 8 weeks the top J^ inch 
of sand was removed to get rid of a fungus growth, which gradually 
developed and clogged the filter. 

At the end of twelve months the experiment with this particular filter 
was abandoned and it was then found that the top inch of sand was dis- 
colored and dirty, but otherwise the filtering material was sweet. 

The whole of the sand and gravel was removed and the following 
arrangement of coke filtering was placed in its stead. 

The bottom layer is six inches deep and consists of broken coke about 
one inch in size, and in it are the uader-drains. On this there is 6 inches 
of finer coke and then 3 feet 9 inches of fine coke breeze of, say, ^-inch 
pieces. The perforated air pipes lie on the surface of the 3 feet 9 inches 
bed and are covered with 6 inches of one-inch coke, followed by two 
three-inch layers of coke and a top layer of sand three inches deep. 
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The coke filter is thus a repetition of the sand and gravel filter ae regards 
the depths and sizes, save that in both the top 3 inches is of sand. 

Two years' working of this filter gave pratically the same output and 
results ,as the sand and gravel Rlter. 

In 1896 Mr. Lowcock constructed two filters at Tipton,* where the 
sewage is first treated with lime and alum. The area of each is 16 
square yards and the total depth of filtering material is 3 feet 6 inches. 
The bottom 6 inches consists of one-inch pebbles and contains the under- 
dnuns, and on it there is 6 inches of coke breeze of half-inch pieces. 
Then comes 15 inches of fine coke breeze and limestone of one -quarter- 
inch pieces, and on this the perforated air pipes arc placed. Above the 
pipe there is a 6 inch layer of one-inch pieces of coke, then 6 inches of 
fine coke breeze and limestone, and the top 3 inches is fine sand. 

The perforated pipes are 15 inches below the surface, as in the other 
filters. 

When the filters were first put into use, tank effluent was applied at 
the rate of 120 gallons per square yard per day (580,800 gallons per 
acre), and the quantity was gradually increased to double. The air is 
supplied to the filter at a pressure of one inch of water. 

While the filters were used for 24 hours each day, some trouble was 
experienced from the clogging of the surface and a change was made by 
using them for 12 hours only, and applying as much tank efHuent in 
that time as was previously put into the filters in 24 hours when they 
were worked continuously. That is to say, in 12 hours the tank effluent 
was applied at the rate of 2,323,200 gallons per acre, and allowing for 
the 12 hours rest, the output for 24 hours was 1,161,600 gallons per acre. 

The analytical results are shewn hereunder, the figures given being 

the averages of 8 samples taken from January to September, 1897, and 

analyzed by Dr. Reid, the Medical Officer of Health for Staffordshire. 

Results in grains per gallon. 

Tanlc efflaent. Filtrate. 

Solids in Solution 79.62 80.75 

Solids in Suspension 1.75 1.37 

Chlorine 10.25 10.07 

Oxygen absorbed ill 4 lioura 0.708 0.223 

Nitric Nitrogen Nil. 0.74 

Free Ammonia 1.075 0.277 

Organic Ammonia 0.231 0.056 

Mr. Lowcock's experience is that there is little to choose between 
coke, coal, gravel or broken stone as the filtering material, but he 
attaches importance to its being sufficiently fine and properly arranged. 

"See Plate XI. 
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Tht FerozoTie-Polarite Process. 

By common consent the sewage disposal works at Chorley, Lanca- 
shire, are the best example of the International Company's Ferozone 
and Polarite process at the present time* 

The population of the borough is 25,000, of whom 22,000 contribute 
to the sewage works, which are about one mile from the town and are 
situated on 6 acres of land, which were formerly used as part of the 
sewage farm. In the town there are about 1,800 water-closets and 
2,500 tubs or pails. The latter when filled with excreta are conveyed 
in covered vans to a central depot, where the pail stuff is given away to 
fanners when they will take it, but in harvest times, when the hay crop 
is being gathered, and during wet weather they do not come for it, and 
it is then turned into the sewers at the depot in the town after admixture 
with a small quantity of disinfectant. 

The town is supplied with water from the Liverpool works, and I am 
informed that the daily user per head averages 17 gallons. Very little 
manufacturing refuse is turned into the sewers ; the principal being from 
a small tannery. 

The road and roof and yard drains are connected to the sewers, and 
a small brook called the River Chor discharges into them, but its con- 
tribution does not exceed 125,000 gallons per day. 

The outfall sewer from the town is tapped near the works by a branch 
pipe leading to the precipitation tanks, and the dry water flow of 
800,000 to 960,000 gallons per day is regularly and systematically dealt 
with. About 6,000,000 gallons per day, all told, come to the works dur- 
ing wet weather, which is chemically treated in the tanks, but is not all 
passed through the filters. 

There are eight precipitation tanks 90 feet x 47 feet 6 inches x 6 feet, 
holding 160,000 gallons each, or 1,280,000 gallons all told. This is 
about one and a half days' dry weather flow. 

The chemicals used were formerly Ferozone and now Ferral in the 
proportion of about loj^ grains per gallon, including the storm waters. 

The sewage after admixture with the chemicals is allowed to stand in 
the tanks at rest from 2 to 2}i hours. 

The sludge is pressed, 45 tons of cake per week being turned out and 
sold to farmers. 

There are 15 polarite filters, each 55 feet 6 inches x 15 feet7=92 square 
yards, or 1,380 square yards in all. 

The tank effluent flows into a covered distributing channel, rectangu- 
lar in section, which extends the whole length of the filters. 

- See Plate XI. 
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From this channel 15 branch pipes conduct the tank effluent to the 
15 filters, and the discharge is regulated by an upward moving sluice 
door actuated by hand. 

At each end of the channel there is a square-headed weir penstock 
working downwards, by means of which the whole or part of the tank 
effluent may be sent to the river without going through the filters. 
When these penstocks are in their normal position (that is to say, closed,) 
the tank effluent in the channel cannot overflow them without first 
escaping on to the roadway in front of the filters, and thus revealing the 
fact that the tank effluent is not passing through the filters. 

The inlets to the filters are at one of the narrow ends, and a shallow 
rectangular iron channel, 12 inches by 3 inches, runs longitudinally along 
the centre of each at the level of the top of the sand, and into this the 
tank effluent is discharged when the inlet sluice door is opened, and is 
distributed over the surface of the filter. 

At the outlet end of this channel there is another sluice door which is 
kept shut when the filters are at work, but which is opened when the 
surface of the sand is being washed. 

The filtering material consists of 18 inches of clean washed gravel at 
the bottom, ranging from an inch -and -a- half to one eighth inch in the 
longest dimensions, kid in layers with the largest stones at the bottom, 
and gradually decreasing in size until the top layer, which is fine pea- 
gravel. Then follows twelve inches of polarite and sand mixed in 
equal proportions, and on this there is nine inches of ordinary washed 
filter sand. The total depth is thus 3 feet 3 inches. 

There are eight 3-inch perforated horse-shoe tile under-drains laid 
longitudinally on the bottom of the filter in the gravel. Two of them 
are against the division walls at each side, and the other six are laid 
equidistant from each other and parallel to the division walls. 

Against the outlet end wall and on the bottom of the filter floor there 
is a 6-inch drain into which the longitudinal under-drains discharge, 
which passes through three filters and discharges the filtrate from the 
three filters into the outlet pipe, which is controlled by a valve. 

This triplicate arrangement assists in the washing of the sand surface. 
When this operation is being performed the three inlet doors are closed 
and the filtrate is allowed to flow out until the sand surface appears. 
The outlet valve is then shut and the liquid in the three filters is thus 
imprisoned. If the surface of No. i is to be washed, the inlet doors of No. 
2 and No. 3 are opened, and tank eflluent is allowed to flow in until there 
is a head of 4 inches on them. This goes down as usual, but having no 
outlet it backs up the under drains into No. i and rises to the surface of 
the sand therein. The outlet valve on the shallow channel on the sur- 
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tace of No. i is opened, and the surface of the sand is brushed to remove 
the dirt, and the dirty water escapes by means of the shallow channel to 
the wash water tank below the filters. The head of tank effluent is 
kept up in Nos. 2 and 3 until No. i is cleaned, then the inlet valves are 
closed, the top outlet on No. i is shut and the bottom outlet valve of the 
triplicate tanks is opened and the filtrate escapes until the sand is ex- 
posed on all the three filters. The bottom outlet valve is again closed, 
tank effluent is turned on to Nos. i and 3, the top outlet door of No 2 is 
opened, the sand surface of No. 2 is washed, and ^o on. 

In addition to the brushing of the surface by soft brooms a rake is 
also used, which goes three inches into the sand. By this means the 
dirt below the surface is washed out. The brushing and raking is done 
weekly. 

It is also found necessary every 4 or 6 weeks to dig and turn over the 
sand as deep as the polarite layer to clean it thoroughly, and this is done 
when the filter is resting. 

The outlet valve of the filters is always open except when the filters 
are thrown out of use for washing. When filtering is going on the inlet 
doors are opened until the tank effluent stands 3 inches above the sand, 
when tliey are closed, and the water sinks to or below the sand surface. 
Tank effluent is again turned in until it stands 3 inches above the sand 
as before, and the inlet is again closed until it passes down, and so' on, 
time after time. In practice the fillings occur at intervals of half an 
hour, but 20 minutes suffices. 

Filtering goes on from 6 A.M. to 9 P.M. daily. After 9 P.M. the 
filters drain themselves empty and stand full of air till 6 A.M. 

Four sets of three are in daily use at least. The fifth set of three is 
either being washed or is resting. 

One set of three is thrown out of use and washed in daily rotation, 
and thus in five days the rotation of the five sets is complete. The 
washing takes the whole time of two men. On the remaining two days 
of the week the fifth set of filters is either resting or in use, according to 
the pressure of work. 

The sand washing water flows into a wash tank, and is pumped back 
into precipitation tank No. a. The total volume pumped back equals 
60,000 gallons per day, for five days per week. The water pressed out 
of the wet sludge flows back into Na 4. 

Crude sewage mixed with an extra quantity of precipitant is turned 
into No. 4 tank, and mixed with the sand washing water and press 
liquor, and so lar as the eye can see, the effluent from it is as good as 
any which comes from the tanks. 
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Very great care is exerdaed to get a good tank effluent, particularly 
in regard to the absence of suspended matters. This is essential to the 
free working of the filters, for if the tank effluent is cloudy the filters 
tend to choke. 

The intermittent working of the filters is necessary to successful work, 
as is also the regular washing and digging of the surface of the sand. 
If the sand is not kept clean the rate of filtration falls off very rapidly. 

The filtrate is bright and sparkling, and all along the channel into 
which it is discharged there is a dark green vegetable growth, which 
betokens a fully oxygenated effluent. 

I h<id special analyses of the crude sewage, tank effluent and filtrate 
made for this report by Mr. Frank Scudder, F.I.C, F.C.S., acting 
for Sir Henry Roscoe, with the following results: 

SAMPLES COLLECTED I2th DECEMBEH, 1898. 
Chemical reanlts expressed in grains per gallon. 

Cruda sewage. Tank eOtuent. Filtrate. 





9.00 a. m. 
to t2.35 p. m. 


3.00 p. m. 
to 5,30 p. m. 


3.20 p. I 

to 5.30 p. 


( Mineral 


27.5 






t Volatile 


59.0 






SoUds In Solutlou. 








( Mineral 


43.5 


52.0 


44.0 


"(Volatile 


17 5 


10. S 


11.0 


Chlorine 


6.8 


6.7 


4.7 


Oxygen Absorbed. 








3 minates teat 


2.36 


0.69 


0.10 


i hours test 


7.89 


2.31 


0.17 


Nitrogen as Nitrites) 
and Nitrates. j 




0.005 


0.148 


Free and Saline Am- ) 


4.02 


2.9* 


0.07 


Albnminoid Ammonia. 


1.162 


0.512 


0.032 


Ttansparency (milli-l 
metres seen through) ( 


20 


140 


over 530 



Mr. Scudder calls attention to the large decrease of the chlorine in 
the filtrate as an abnormal circumstance. 

At ituddersfield, where the sewage is mixed with a large quantity of 
trade refuse, the polarite filters have not answered, anS the filtering' 
material is being replaced by coke breeze. There seems to be no doubt 
that only a part of the total volume of sewage was ever dealt - with by 
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th« Biters, and the corporation found themselves unable to filter one- 
tenth of the daily dry-weather flow. 

At Hendon, a suburb of London, where the sewage is principally of 
a domestic character, the Council have not been able to do the quantity 
of work with the polarite filters which they were designed to do. 

At Lincoln the polarite filters have not answered the expectations 
under which they were made. Instead of filtering i,ooo gallons per square 
yard per day, the City Surveyor informs me that he can only get 150 
gallons, notwithstanding that he employs 4 men to wash the sand and 
keep it clean. 

For many years Hyde, near Lancashire, was a show place for the 
polarite system, but the effluents have lately been condemned by the 
Mersey and Irwell Rivers Board. 

Ducal's Aerating Bacterial Self-Acting Filter. 

The sewage of Hendon is mainly domestic, and is of a foul character, 
owing to the large number of laundries for London in the district. 

The original Ducat filter was made in January, 1897, and was at work 
in March of the same year. 

The new filter was built in the early months of 1898, and started work 
in April last 

The root idea of the system is to have an intermittent stream of 
sewage passing through a fully aerated mass of finely broken material 
which harbours microbes capable of breaking down the organic matters 
and converting them into harmless forms. 

Neither of the Hendon filters combines all the developments of the 
standard filter, but the various parts are successfully at work in one or 
the other. 

Before describing the Hendon plant, it will make things clearer if the 
perfected filter is first dealt with. 

Colonel Ducat proposes to use standard units with a filtering area of 
126 feet X 36 feet, or 504 square yards, capable of dealing with a dry 
weather flow of loo.oco gallons per day. If the dry weather flow be 
1,000,000 gallons per day, loof these filters would be used, and as each 
is complete in itself the larger flow would be dealt with by the multi- 
plication of the individual units. There is only one very slight qualifica- 
tion of this, vif : that the warming apparatus can conveniently serve two 
filters, and would, therefore, in practice be placed between each pair, but 
^ch unit can have a separate warming apparatus, and be completely 
independent, if that is deemed best. 
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The floor of the filter is made of concrete or other impervious 
material, and has a slope of 3 inches from the centre towards the long 
sides and a hip slope of 3 inches towards the ends. 

On the bottom there are 28 transverse perforated brick air flues 4 feet 
6 inches from centre to centre, measuring about 9 inches x 9 inches in 
cross section in which the hot water pipes are laid. 

The sides of the filter are made as open as is possible, and may con- 
veniently consist of panels of open drain-pipes between brick piers, or 
vertical iron standards. These panels are 8 feet wide and extend from 
the floor to the top of the filtering material. On the bottom there are 
two rows of bricks, with every alternate brick omitted, and the remainder 
of the panel is made of butt-ended drain-pipes 1 2 inches long and 4 
inches in diameter, laid one on the other as close as possible, and held 
in place by the cement mortar which fills the spaces outside the pipes. 
They have a slope of i inch upwards from the inside. The panel is 
thus a perforated wall in which the holes are very much in excess of the 
solid parts. It has little strength for resisting pressure, but the load is 
really carried by the standards, or by the heavy brick piers. 

The filter has 14 of these panels on each of the long sides and 4 on 
each of the short ones. 

The space so enclosed is filled in the following manner: There are 
first laid on the floor transverse, lines of 3 -inch butt-jointed drain -pipes 
from every space left alternately in the bottom rows of bricks. They are 
not closely joined at the ends, and thus space is given by which air can 
escape into the filtering medium. 

The space between them is carefully packed with clean furnace 
clinker of the size of walnuts which' has been held back by an inch 
screen, and the layer is continued above them until its total depth is 6 
inches. On this an 18-inch layer of clean furnace clinker is laid, which 
has passed a quarter-inch screen and been held by an eighth of an inch 
screen. These two layers have a total depth of 2 feet and form the 
bottom section of the filter. 

On the top of this section transverse lines of 3-inch drain-pipes are 
laid from the pipes in the panels to the interior in exactly the same way 
as on the floor, and a 6-inch layer of coarse clinker and an l8-incb 
layer of fine clinker is put on exactly as in the bottom section, thus com- 
pleting the second section. 

The third secdon has the aerating pipes and the 6-inch layer of coarse 
clinker as in the second, but upon the 6-inch layer there is 12 inches of 
5€-inch to J^inch vitrified clinker, and then a 6-inch layer of ^-inch 
to J^-inch of vitrified clinker, the three layera forming a third section 
2 feet deep, 
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On it there are laid aeratiog pipes and a 6-inch layer of coarse clinker 
as before, and then an iSinch layer of J^-inch to J^inch vitrified 
clinker, the two layers forming a fourth section 2 feet deep. 

In the normal filter there are these four sections with a total depth of 
8 feet, but five sections or six sections, or any number, may be used if 
a very high degree of purification is to be attained, and the extra ones 
are put in the same as No. 2 and between No. 2 and No. 3. 

The filter is by this construction porous fi-om top to bottom, and 
air is admitted to the filtering material all the way round by the panels, 
and is carried right into the interior by the transverse lines of pipes in the 
coarse or aerating layers. 

The carrier for distributing the crude sewage is built on one of the 
long walls, and from it at 18-inch centres there are small outlet pipes 
discharging into the tipping channels, which are made of iron, light in 
section, and are fixed transversely about 6 inches above the filtering 
material. Each channel is 36 feet long and has one vertical side 2 
inches high, a short flat bottom one inch wide and a sloping side rising 
to the same height as the vertical side. They are carefully pivoted 
at intervals and balanced, so that when they are empty the top is hor- 
izontal, but when the sewage rises in them the centre of gravity is 
shifted towards the sloping side, and the channel tips over and distrib- 
utes its contents on to ihe topmost layer of the filtering material. 
There are 84 of these channels to each standard filter, and as they hold 
about 4>^ gallons of sewage each, it follows that each one must tip 
every 5 to 5^^ minutes on the average when the filter is dealing with 
100,000 gallons per day. 

On the outside of the panel walls on the four sides of the filter there 
is an open drain below the level of the floor into which the filtrate 
escapes at every opening, and by which it is conveyed to the outfall 
stream or river. 

The filter is covered by a roof which rises at the centre 7 feet 6 inches 
above the walls, and it is enclosed by a brick wall all round, about 18 
inches from the panelled walls, and the space between them is roofed 
in by a small lean to roof. Thus the filter itself is enclosed and covered 
in all round. 

There are seven doors in each of the long outer walls and two in each 
of the end ones, for access to this narrow passage, and 10 admit air to 
the filter in summer time when artificial heating is not necessary. 

There are 28 vertical inlet air-pjpes on each of the long outer walls, 
by means of which air is admitted inside the outer wall and into the 
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petforated brick air flues, and there are 28 ventilators in the roof for the 
escape of the air. 

The heating chamber measures 13 feet x 6 feet, and contains a 
small closed boiler stove. The hoi water pipes are laid from it in 
a sunken channel between the hher and one of the outer longitudinal 
walls, with a return branch through each pair of perforated brick flues. 

Colonel Ducat's experience is that microbial action ceases when the 
temperature on the filler falls below 37° F., and that niirificaiion is sus- 
pended when it rises above 120° F, The latter contingency is remote 
in England, but the former one is provided against by the heating 
apparatus which is used only in the cold season. 

This standard filler has not yet been built or used as a whole, but it 
conaiMs of a repetition of complete parts which have all been tried in- 
dividually at Hendon. 

The filter has its floor on the ground level, and looks like a low, 
windowle-s sture. 

The working of the filters is very simple after they have been 
inoculated and got inio condition. 

This is done by running the crude sewage on to them by means of 
the tipping channels for one hour and ih<rn shutting it ofl" for an hour 
and repeating this 5 times a d.iy for 14 days. During the next fortnight 
the dose is made cootinuuus for 10 hours daily. In the third fortnight 
the filter is put to its full work day and night and receives its 100,000 
gallons per day intermittenUy by means of the tipping channels in the 
normal manner. 

The microbes which do the work are self-sown in the filtering material 
from the sewage itself. During the first part of the first fortnight the 
effluent from the filler is cloudy and has a distinct odour; the microbes, 
however, multiply and do better work as the days pass, and before the 
end of the fortnight the effluent is clear and odourless. When the dose 
is doubled in the second fortnight, the quality again falls off" at the 
outset and gradually improves towards the end. When the sewage 
is first applied in its full quantity over the whgle day and night there ia 
a further falling off in quality, but by the end of the fortnight the filler 
is getting into condition. The effluent is then clear, and it gradually 
improves until at the end pf three months from the first dose of sewage 
the filter is completely inoculated and is in prime condition. The sewage 
at the outset takes about 80 minutes to pass through the filter, but when 
in full working order and the filtering medium is coated with bacterial 
film 100 minutes are taken. 
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After a titter is once in working order it is claimed that it can be left 
unused for months and will then resume its normal activity and 
efficiency in a day or two. 

The fillers at Hendon are fed with crude sewage from the bottom of 
the high level carrier which conveys the sewage to the precipitation 
tanks. The inlet to each pipe is protected by a screen of about Jinch 
mesh which keeps back floating and large solids, but otherwise the 
sewage is crude. During rain the extra height of the sewage in the 
main carrier puts additional head on the pipe and thus causes a larger 
delivery to the filters than the 100,000 gallons per day. The variation 
of the dry weather fiow likewise influences the head, and by that means 
the quantity delivered to the filter varies somewhat with the flow. 

The original filter measures 15 feetx izfeet on the surface of the filter- 
ing material, and has an area of 3o square yards and a depth of 8 feet. 
It has dealt with 4,000 gallons per day for seven or eight months con- 
tinuously with satisfactory results. 

The newer filter was started in April last and measures 15 feet x 12 
feet^=2o square yards — and has a depth of 10 feet. It has dealt with 
4,000 gallons per day and its share of storm water, for about seven 
months almost continuously, allowing for occasional experiments and 
small structural alterations. 

The sewage going to the filter on the 13th December last was thick, 
foul stuff, but the effluent appeared all that could be desired. 

In the fil er under the roof there was a distinct smell of sewage, but 
at no other part. 

The surface of the filtering material is not choked and has no scum 
on it and do^ not need raking over more than once in three months. 

This filter is heated and had the tipping channels working. 

It is connected to the main sewer by a li-inch pipe, which is about 9 
feet long. 

The analytical results of the process at Hendon on 6th October last 
are given by Mr. A. C. Houston, M. B,, D. Sc, as follows: 
Results stated in parts per 100,000. 

Grade tavage. FUtrate. 

Oxygen absorbed in 4 hours 14.72 0.78 

Free Ammonia 8.70 O.30 

Albuminoid Ammonin l.ftO 0.094 

Oxidized Nitrogen 0,477 

Oeneml characteriatios A fonl aewage As traneparent 

emitting a and free from 

most offen< odour as an or- 

sire smell. dinary drink- 

ing water. 
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Part II. 



It will be seen from my description of what has been done as to the 
bacterial treatment of sewage in England, that up to (he present time 
the trials have been on a somewhat small scale. 

The complete Dibdin process at Sutton has dealt with 120,000 
gallons per day out of a total flow of 400,000 gallons, the septic tank 
process at Exeter with a dry weather flow of 31.380 gallons per day, 
the Lowcock system with 7,680 gallons per day at Tipton, and the 
Ducat system with 4,000 gallons per day at Hendon. 

Although these are meagre in quantity yet the results obtained war- 
rant a hopeful view of the future usefulness of the processes, and I think 
the bacterial methods have established themselves in this country as 
very valuable means of treating sewage. 

It is more than probable that experience wiU modify many of the views 
now held about them, and will also alter the methods of their application 
which now obtain. 

But on the other hand certain definite results appear to be determined, 
and some of the limitations are revealing themselves. 

In the Dibdin process for dealing with crude sewage it is evfdent 
that a large proportion of the matters which form sludge in chemical 
processes are converted into soluble forms by the bacteria, and that 
there is no solid residue produced. 

This is a long step in advance, and will considerably reduce the work- 
ing expenses ol sewage treatment. 

I advisedly, however, limit the results obtained in this direction to "a 
large proportion" because it is by no means proved that all the solids 
are disposed of On the contrary there is evidence that some propor- 
tion remain in tha filter and reduce its water content. 

It has been found that a filter may have a water capacity of 50 per 
cenL of the bulk of the filtering material when first used, and that the 
water content diminishes rapidly by use in 8 weeks to 33 per cent., and 
then remains about that percentage when its oulput is a given volume 
per day. The deterioration of the water content is partly ascribed to 
the growth of bacterial substances on the surfaces' of the filtering 
material and it is no doubt also partly due to the accretion of the min- 
eral matters contained in the sewage remaining in the filter and which 
the bacteria are probably unable to liquefy. 

When a Dibdin filter is given a long period of rest a recuperative 
process occurs which enlarges the water content, but in no case does the 
Vfater content appear to return to its original percentage. 
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At Sutton, after two years of hard work, the water content of the 
coarse filters has deteriorated to 19 per cent. There is reason to think 
that this is exceptionally low, but even if it should prove to be the case 
generally with the Dibdin fillers, the difficulty is not a serious ooe. It 
would not be an expensive nor a difficult matter to have spare filtering 
material at hand to take the place of the choked material, and the 
operation of emptying and refilling a filter would not be a long one. 
There is a consensus of experience that choked material recovers by 
exposure to air without nuisance, and is serviceable again in six or eight 
weeks. 

One of the drawbacks of the Dibdin filters when the outlet valve is 
first opened, is the opalescence of the filtrate. This is caused partly by 
the fact that the sewage in the underdrains has not been so long in close 
contact with the filtering material as that held in the body of the filter, 
and the bacteria, ±erefore, have not been so effective in their action 
upon it, and partly to the fact that when the valve is opened the fiiU 
head of the filtrate causes a rush which carries with it some of the 
matters adhering to the filtering particles. After a few minutes the 
filtrate comes away clear and bright, and improves in appearance till 
the end of the flow. 

These causes can be removed to a large extent. If the bottom layer 
in the filter was of coarse material, and a large number of outlets were 
provided in one of the long sides of the filter, it ought to be possible to 
do without underdrains, for by the arrangement suggested there would 
be a much greater outlet provision than has yet obtained in practice, and 
the filtrate would not have such long distances to travel to them. Under 
such conditions it will probably occur that the waterway provided by 
the spaces between the coarse pieces will be suflicient to discharge the 
filtrate as rapidly as is desirable. If the valves controlling these outlets 
were actuated fi^om a common shaft, there could be no difficulty in regu- 
lating the flow so as to make the quantity discharged per minute a 
fairly even one throughout, and of fixing it at such a speed that it would 
not wash out particles adhering to the material. 

The Dibdin filters have a certain rigidity of operation which is a dis- 
advantage in times of rain when the volume to be coped with b 
increased many times above the average. The cycle of work consists 6f 
four parts: First, the filling; second, the standing full; third, the 
emptying, and fourth, the aerating. It cannot matter as to the lei^th of 
time taken for filling, and this may be expedited to any practical degree 
without disturbing the bacterial processes. The periods of standing 
full, discharging and aenitii^ cannot, however, be much curtailed 
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without deranging the system, and this is a real difficulty which has not 
been fully met. 

Closely connected wiih this question is that of the number of divisions 
into which a given content of filtering material may be most usefully 
divided, and as the practice here has not proceeded on any defined lines, 

1 have gone into the matter and the resuhs are shown on Drawing No. 4*. 

I have taken the dry weather flow to be 1,000,000 gallons per day 
or 160,000 cubic feet. 

The filter content for that quantity should be 12,000 cubic yards or 
324,000 cubic feet. The water content may be taken at one-third, but 
for convenience of calculation it is put at 32.922 per cent, or 106,667 
cubic feet, which is exactly two-thirds of the daily volume of 160,000 
cubic feet. In this way each filter is charged three times in two days, or 
an average of one and a half times per day. 

In dry weather the sewage does not reach the works in an even 
stream, but varies each hour. The flow is smallest at night and greatest 
near mid-day, and the extreme variation between the minimum and the 
maximum flow in the case of a town within say two miles of the dis- 
posal works is as much as six times. The curve of the hourly variations 
shown on the Drawing is a typical one in this country. The diagrams 
show the effect of dividing the filter content into 4, 6, 8, 10 and 12 
equal parts. Starting to fill No. I at midnight, in the case where the 
filler content is divided into four, it will be found that the ntght flow 
does not charge it until 7.10 A.M., when the sewage is diverted into No. 

2 and the increased flow fills it by 10.10 A.M., No. 3 is then used and is 
full by 11.50 A.M., and then No. 4 is brought into action and is 
charged by 2 P.M. Returning to No. i, which was full at 7.10 A.M., 
it will be found by allowing it to stand full two hours and to empty in two 
hours, that it was cleared by 11. 15 A.M. No. 4, however, was not full 
until 2 P.M., so that No. i had two hours 45 minutes for aeration before 
the sewage must be turned into it again. An examination of the dia- 
gram will show that this is the busiest part of the day's work, and that 
the other tanks have much longer periods for aerating ; as for instance 
No. 4. which has 13 hours 10 minutes. 

By dividing the filter content into six equal parts and again starling 
at midnight, it will be seen that No. i is filled by 5.50 A.M., and by giving 
it two hours to stand charged and two hours for discharge, it is empty 
by 9.50 A.M. As the content of the six is the same as the four just 
dealt with, the last filter is full in each case at the same hour, viz: 2 P.M., 
when No. i is brought into use again. It was empty, however, at 

•PUte xn. 
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lo 50 A.M., and has thus been aerating for 4 hours 10 minutes. The 
efTect of the smaller subdivision is to increase the time of aerating from 
2 hours 45 minutes to 4 hours 10 minutes at the' busiest time. The 
gain is entirely due to the shorter period taken to fill the smaller filter. 
Similiarly the maximum aerating period is extended from 13 hours 10 
minutes to 14 hours 40 minutes, and at every intermediate step the 
aerating period is increased. 

With 8 subdivisions the least aerating period is extended to 4 hours 
35 minutes, and the greatest to 15 hours. 

With 10 subdivisions the shortest aerating time is 5 hours, and the 
longest 15 hours 15 minutes. 

With 12 subdivisions the aerating periods are extended to 5 hours 
20 minutes as a minimum, and to 15 hours 20 minutes as a maximum. 

I think it will be found in practice that S subdivisions are the most 
useful, because what little is gained by further subdivision is scarcely 
worth the extra cost of construction and operating. 

With 8 equal parts it is possible to get through the day's work by 
using 7 only, but the minimum aerating period is then reduced to 2 hours 
50 minutes. It may prove a convenience in practice to be able to use 
this possibility of throwing one lilter out for a few days without unduly 
working the remainder. 

There has likewise been confusion in the practice as to the guanlily 
which can be dealt with by a given filter content It was at first 
assumed that 160,000 cubic feet of sewage could be dealt with daily by 
160,000 cubic feet of filtering material. This is true in one set of con- 
ditions and not in another. 

On Drawing No. 5* 1 have set out a series of filters of the same 
content as before , namely, 324,000 cube feet divided into 8 equal parts, 
and I have shown the rotation when they deal with the dry weather 
flow of 1,000,000 gal lon3=: 1 60,000 cube feet per day, and also when 
dealing with a regular and even flow of 2,000,000 gallons or 330,000 
cube feet per day, and with 3, 4, and 5 million gallons per day. 

The curve of the daily flow is the same as in Drawing No. 4, and so 
is the diagram of the fillings for the dry weather quantity. The point 
to be observed is that the long times occupied in filling the filters make 
the output of 324,000 cubic feet of filtering material under the conditions 
I have assumed only 160,000 cube feet of sewage per day. 

When, however, the variations in the flow are straightened out during 
rain and an even and regular quantity of 2,000,000 gallons or 330,000 
cube feet per day is sent to the filters, the periods of filling are all of 

-Plate XIII. 
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equal length, viz : one hour ; and by giving 2 hours or standing full 
and 2 hours for discharging as before, 3 hours are obtained for aerating, 
making the cycle an 8 hours one. In this way each filter is used 3 
times a day, and the output of the 8 is doubled, as compared with the 
dry weather How. In this case 324,000 cube feet of filtering material 
deals with 320,000 cube feet of sewage. 

When the flow is a regular one of 3,000,000 gallons per day the 
aerating period is reduced to 2 hours; when the flow is 4,000,000 
gallons the aerating time is i hour 30 minutes, and when it is 5,000,000 
gallons there is only i hour 12 minutes for that purpose. 

I think it may prove possible to rotate the tanks up to three times the 
dry weather flow during rain, for the sewage is then diluted with twice its 
volume of water, and it is reasonable to think that 2 hours for aerating 
may recuperate the bacteria. Dealing with larger quantities intermit-' 
tently, however, appears to be impracticable. 

It is easy to see in the light of this drawing how the mistake occurred 
as to the output of the filters. The quantities dealt with in actual 
practice have been small fractional parts of the daily total, and the 
hourly variations have not affected the flow to the experimental filters. 
The quantity was thus an even and regular one, and I have just shewn 
that in those circumstances the output of the filter is twice as much as 
in the case when the dry-weather flow with its variations necessarily pro- 
longs the times of filling and aerating. 

Mr. Dibdin has within the fast few weeks tried the eifect of "stream- 
ing " the sewage when largely diluted with rain — that is, running it 
continuously through the filters — and the evidence is that bacterial 
activity is operative but considerably reduced. 

It may be that the rain-water difficulty will be resolved by experiment 
and investigation, but at present it seems advisable to provide some 
auxiliary means of dealing with the excess above three times the dry- 
weather flow. This can be done by constructing a large rain-water 
filter of coarse material in which the excess may be separately dealt 
with. 

I have found it difficult to appreciate the exact action of the bacteria 
in a Dibdin filter. The process is stated to be aerobic, but an examina- 
tion of Drawing No. 5* will show that tank No. i is charged at the 
bottom for 8J^ hours, and it is certain that anaerobic changes are then 
brought into operation at the later part of that time. Dr. Sims 
Woodhead inclines to the view that the inferior appearance of the filtrate 
when first liberated is partly due to this dual action, for he is of opinion 
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that when the two classes of bacteria act side hy side the best efficiency 
of each is impaired. 

The effect of cold is to reduce the efficiency of the Dibdin filters a 
little. The Sewage, in its passage ihrough underground sewers is 
not brought into contact with ihe cold, and the few seconds it is exposed 
to the air in its passage from the sewer into the fiher does not appreci- 
ably reduce its temperature. When in the filter there is a distinct rise in 
its heat, and the filtrate is certainly not colder than the sewjge when it 
entered the filter. Similarly, the passage from the coarse filter to the 
fine one is so short that the cold does not do mischief. 

There is some evidence to show that certain kinds of trade refuse, 
when mixed with sewage, are amenable to the Dibdin process. Tan 
refuse, vegetable dyes, brewery waste and the like are not detrimental, 
bui it is very doubtful if strong mineral acids can be dealt with 
bacterially. 

In the case of a sewage with a considerable admixture of trade refuse 
I would certainly experiment with it on a small scale btfore constructing 
a pUnt for the full quantity. 

I have recently secured the approval of the Local Government Board 
to a scheme I designed for dealing with the sewage of a small seaside 
watering place on the Dibdin system, where the filtrate will be dis- 
charged into a tidal river. In that case, however', I can see my way to 
practically keep the whole of the rain-water out of the sewers. 

It is too soon to express a final or very positive opinion on this system, 
but you will have gathered that I look upon it with considerable 
approval. 

Septic Tank. 

Coming now to the septic tank system we have an entirely difTerent 
set of conditions from those operating in the Dibdin fillers. This pro- 
cess seeks to employ the anaerobic bacteria in the septic tank and the 
aerobic ones in the filters, which are admittedly Dibdin fillers. 

The Exeter experiment, though on a small scale, deals with the vary- 
ing dry-weather fl.iw of a distinct district and with the rainfall up to 4 
volumes. The water content of the tank at the outset was equal to 40 
hours average dry-weather discharge. The flow of sewage into it is 
very variable as will be seen from the diagram on Drawing No, 2,* where 
it is shewn that the minimum fiuw at night is about one-sixteenth of 
the minimum at ii A.M., while during rain the disparity is even more 
accentuated. 

■ Plato X. 
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The solid matter of the sewage in its passage through the tank is 
dther liquefied by the bacteria or remains bi:-hind as deposit. The change 
is undoubtedly pulrefictive and the tank filtrate has an odour of decom- 
posing sewage. This condition, however, is according to ihe bacteri- 
ologists a favorable one. The exposure to the air, which the Unk efflu- 
ent gets on its way to the filters is suffii^ient to supply it with ihe oxygen 
it needs, and it is then particularly suited to the aerobic action of the 
filter. 

At Exeter there is a marked accumulation of solid matter in the septic 
tank, which the process seems unable to cope wilh. The deposit ia 
twelve months equals one-sixth of rhe total content of the tank, and if it 
continues at that rate the tank will have to be cleaned out or ihe time 
of the passage of the sewage through it will be seriously reduced. Mr. 
Cameron is testing this phase of the process to destruction at Exeter. 
In 27 months the content of the tank has been reduced two-fiiths, so 
that the water capacity is now 32,280 gallons, or practically a day's dry- 
weather flow, which means that the sewage is 24 hours in the tank on the 
average. 

Of course the deposit may be cleaned out from time to time, but in 
that case the bacterial cultivations will be interfered with, and the sludge 
will have to be dealt with by some auxiliary means. 

As shewing the obscurity of knowledge of the processes at work the 
different results as to deposit at Exeter and Yeovil are very curious. 

At Exeter with domestic sewage the quantity of deposit is substantial, 
while at Yeovil with a mixture of domestic sewage and trade refuse the 
deposit is practically nil. 

Various guesses as to the cause of this disparity have been made. 
It has Iwen suggested that the trade refuse at Yeovil may favour the 
cultivation of bacteria capable of liquefying all the solids, but no proof 
of this is forthcoming. 

It is also r^arded as posable that the wider variations of flow at 
Exeter as compared wilh (he more even flow through the septic tank at 
Yeovil account for the deposit in the former case- The idea underlying 
this explanation is that wilh an even flow an equilibrium is set up between 
the bacteria and the amount of work they have to do, which is disturbed 
when the variations of flow upset ihe balance. In the latter event it is 
suggested that when the maximum fliiw occurs the work to be done is in 
excess of the powers of the liquefying organisms, and that the more 
resistant parts of the solids acctimul'ice as deposit. 

Whatever the explanation may be, the fact itself prevents one predi- 
cating the results of dealing wiih a particular sewage by the septic tank 
system as regards deposit 
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Notwithstanding these difficulties and obscurities, I think the sepdc 
tank a useful instrutnent id sewage treatment. 

The Dibdin filters, which are adopted by Mr. Cameron as the finish- 
ing part of the process, have already been dealt with. 

I must point out that the automatic gear used for operating the filters 
has certain disadvantages. 

By referring to Drawing No. 2* it will be seen that the slow flow 
in the night takes a little more than 10 hours to charge one of the filters, 
and that the one previously charged stands full all that time It is 
certain that the aerobic action is interfered with by this long imprison- 
ment of the tank efRuent in the filter. Whether it is worth while saving 
the labour necessary for attending to the valves by hand at such a cost - 
is one on which opinions may differ, but so far as I see it would be pre- 
ferable not to use the present form of automatic gear. 

There is one engineering advantage in the septic tank which ought to 
be mentioned, and that is the fact of the effluent flowing out at the same 
level as the incoming sewage, and thus the tank itself wastes no fall. In 
certain cases this may have a determining influence in the selection of 
the particular form of bacterial treatment for a given district. 

With reference to Mr. Lowcock's aerated baclerial filters I need not 
enlarge on their capabilities. It would seem that the supply of air into 
the filter enables the bacteria to increase their activity, but the recent 
practice of resting the filter for 12 hours each day tends to show that 
natural aeration is necessary to the smooth working of the system. The 
original idea that the mechanical forcing of air into the filtering material 
would enable the tank effluent to be applied continuously has been 
modified by the adoption of the half-day intermittent working, and ihis 
result tends to support the Dibdin process of alternate fillings. 

Ferozone-Polarile. 

The Ferozone-polarite process first deals with the sewage by precipi- 
tation in tanks, and then passes the tank eflluent through a filter made 
on waterworks principles but with a layer of polarite interstratified 
therein. There is something unexplained in the history of this process. 
At one time Hendon was the show place, then Huddersfield was 
quoted, Lincoln had its turn, and then Hyde was in favour. When one 
now goes to these places the process is either not completely followed 
or does not come up to the expectations held when it was adopted. 

At the present time the Chorley works are the best. It is to be borne 
in mind, however, that the sewage ther? is very dilute, that a large por- 

'Plate X, 
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tion of the excreta does not enter the sewers, that the quantity of precip- 
itant used is very large, that the tank accommodation is much in excess 
of the dry-weather flow, and that the filters are kept scrupulously clean. 

The practice of using the filters at Chorley is entirely different from 
that followed at the outset. It was then held that 22 hours continuous work 
followed by z hours aeration for the revivification of the polarite was 
the right way, whereas now the tank effluent is applied intermittently 
every 20 or 30 minutes and the filter is given 8 or 9 hours aeration 
daily. 

With a tank effluent like that at Chortey, which is clear and bright, it 
would be instructive to learn the effect of leaving the polarile out of the 
filtering material. 

The results of the Ferozone-polarite system are so varying that one 
has a misgiving about it. 

Seeing that it involves the whole plant for precipitating and pressing 
the sludge, and that polarite is an expensive filtering material, it is not 
too much to say that other processes equally efficient may be used at a 
less cost. 

Ducat's self-acting bacterial filter has been tried on a very small 
scale and for a short time on a strong sewage which is almost wholly 
domestic, and one cannot therefore speak confidently as to its general 
application. The results obtained, however, are astonishingly good, 
and seem to show that accurate principles of cultivating the bacteria 
which deal with sewage have been applied. I think there is much 
promise as to its future, but beyond this I do not now care to express 
an opinion. 

I have avoided the commercial side of these processes, but I may now 
briefly say that Dibdin's process is not subject to any patent, that Cam- 
eron's septic tank process is patented, but there is a question whether 
the protection applies to any part save the particular form of automatic 
gear for operating the filter, Lowcock describes his filter as a' pateiTt one 
the Ferozone-polarite system is proprietary, and the Ducat filter is fully 
protected. 

Part III. 

Judging the Baltimore sewage problem from the bacterial standpoint 
at this distance there are two prominent features which immediately 
attract attention. 

The first is the enormous volume of sewage per head per day which 
your Commission are compelled to provide for, owing to what I cannot 
help thinking to be an extravagant user of water, prevailing I know ail 
over the States. This is four times what we have to deal with here, and 
it means, of course, that the works for similar cases would be four times 
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larger with you than with us. With Dibdin filters an area of 2j^ to 3 
acres of coarse and a similar area of fine filter three feet deep would be 
the installation according to present ideas for a population of 30,000 
{dry-weather flow, say 1.000,000 gallons,) In this country, whereas with 
you the area would range from 10 to 12 acres for each kind of filter. 
Similarly the septic tanks would be four times larger for equal popu- 
lations. 

This means that the cost of installing large structural works for these 
new and not fully developed processes is greatly increased in your case, 
and if failure should result the consequences would be serious. 

There is also the consideration thai diluted sewage like that of Balti- 
more may develop characteristics during bacterial treatment which have 
not appeared here. Presumably the task of cleansing the weak sewage 
ought to be easier than strong sewage, but this is by no means 
determined. 

The second feature of Baltimore is one -wholly in favour of the 
bacterial processes, and it is the fact that you have the sea or large 
flowing rivers into which the filtrate would be discharged. Such waters 
are fully oxygenated, and are therefore specially adapted for the recep- 
tion of bacterial filtrates. 

With a sea outlet or an outfall into a big river near to the sea I think 
the experience here would justify you in installing the Dibdin or the 
septic tank process for a small population of 10,000 or 20,000 persons, 
if an auxiliary means of dealing with the excess rain is provided. 

It is a long step from the 120,000 gallons dealt with by the Dibdin 
system at Sutton, or from the 31,000 gallons dealt with by the septic 
tank at Exeter, to the 40 million gallons at Baltimore, increasing in the 
future to a possible 120,000,000 gallons, and one could wish there were 
a few intermediate examples. 

The big problem is, of course, merely the multiplication of the smaller 
ones, and there ought to be no insuperable difficulty in applying what 
has been achieved to the larger case, but it would be prudent to proceed 
tentatively. 

It may be that your Commission can devise a scheme for part of the 
chy in such a manner as to test the capabilities of one or other of the 
processes, and which if the bacterial treatment did not answer, could be 
utilized for chemical precipitation and coke breeze filters. 

I have the honor to be, gentlemen, your obedient servant, 
JAS. MANSERGH, 
Vice-President of the Inslilulion of Civil Engineers, Member of the 

Instilulion of Mechanical Engineers, Fellow of the Geological and 

Meteorological Societies, Etc., £te. 
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EXTRACTS FROM THE REPORT OF DR. SIMS WOODHEAD, F.R.5.E. 

DIRECTOR OF THE RESEARCH LABORATORIES OF THE 

CONJOINT BOARD OF PHYSICIANS (LOMDON) 

ANB SURGEONS (ENGLAND.) 



Introduction. 



It may be well lirst of all to indicate the lines on which disintegration 
of the organic matter of sewage is brolcen down in nature ; then to re- 
capitulate briefly the principles on which the same process is carried on 
in the various methods of "filtration" or disintegration that I have had 
the opportunity of examining in the filter or bacteriolytic beds in this 
country. 

In nature, as we know, the process of disintegration and putrefaction 
goes on slowly but very surely, especially in what is known as "living 
soil," where probably there is a process brought about by the action of 
various groups of organisms — anaerobic and aerobic acting aymbioti- 
cally — going on. 

On making a bacteriological examination of soil taken from very near 
the surface it will be found that the number of anaerobic oi^anisms as 
compared with the aerobic is comparatively small. As we go deeper 
down, however, the proportion of anaerobic organisms is much larger, 
until we come to a layer in which practically only anaerobic bacteria 
are found, whilst deeper still there may be no organisms of any kind. 

In nature the process of decomposition of organic matter goes on 
most readily in the superficial layers of the soil in which oxidation takes 
place very readily. This soil is a porous medium, usually well supplied 
with air and moisture and organic matter, and is a capital feeding- 
ground for micro-organisms, which, breaking up the materials contained 
in it, convert them by oxidation into substances which are capable of 
being utilized by plants. Most of the organic matter brought into 
contact with this aerated soil is broken down by the aerobic organisms 
(105) 
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it contains, some of the constituenta of the oi^nic matter as it is broken 
up being used by the bacteria, and others being, during the breaking 
down of the molecule, left in a nascent condition ready for oxidation by 
the air that has not been used by the organisms. The anaerobic 
organisms found in the deeper layers of the soil give rise to a second 
kind of decomposition. As the organisms, originally aerobic, have been 
washed deeper into the soil, they were no longer able to obtain free 
oxygen and have in time been compelled to develop the power of 
wresting oxygen by force, as it were, from the oxygen -containing bodies 
that come down to them from the surface, usually using part only of the 
combined oxygen, but setting free another part to be used up in the 
oxidation of other portions of the organic matter that still remains. 

So completely do these two sets of organisms use up the food that is 
from time to time conveyed to the soil, that at a depth of about 12 feet 
no micro-organisms at all can, as a rule, be found. The relation of this 
process to the treatment of sewage is obviously one of extreme im- 
portance. 

On examining the process by which natural manure is broken down 
in the upper layers of the soil, it is found that micro-organisms are here 
present in very large numbers and that the longer the soil is manured 
and the more it is used for the purpose of breaking down manure, the 
more active it becomes, for the reason that the micro-organisms not 
only increase in number, but they also become more energetic in the 
special direction in which they are called upon to exert their powers. 
There is a process of natural selection going on — those organisms that 
can live best under the new conditions flourish and increase in power 
and activity, and others which might interfere with their work are 
gradually ousted. If all sewage matter were solid and could be dug 
into the soil the best and most economical results would easily be 
obtained. 

The difficulty of dealing with sewage matter in solution is no doubt 
considerable, but this difficulty is materially increased by the fact that 
the solid matter in it has also to be dealt with — a most difficult combina- 
tion. In all processes hitherto used in the treatment of sewage, the 
sedimentation, separation and disposal of the solid matter has not only 
increased the cost of working, but has rendered the liquid part of the 
sewage less valuable as manure. 

Wh[it takes place in nature may also be brought about under artificial 
conditions, and it is well when we are considering this question of the 
disintegration of organic matter — whether in nature or in artificially pre- 
pared filters — to determine what are the main factors of the process of 
decomposition and aeration. 
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In the first place it is necessary to gel all solid matter into solution ; sec- 
ondly, to attack the organic matter in solution by means of micro- 
organisms and so to break it up that the various elements of which this 
complex material is composed may be thrown into an unstable or nascent 
condition, so that the oxygen present may have an opportunity of 
entering into combination and of forming what are called oxidizad 
substances; and in the third place to supply as large a quantity of 
oxygen in as short a time as possible for the purpose of providing 
for the needs of the aerobic organisms and of supplying a sufficient 
amount of oxygen to bring about complete oxidation. 

These changes may take place in two perfectly different ways. In 
the first, oxidation takes place directly, all the nascent substances 
being satisfied by the oxygen of the air, and the splitting up of the 
organic matter being carri.d on by the aerobic organisms. In such 
a process which take^t place in a porous soil well supplied with air 
and moisture, and alsu in water wlii'^h is from time to time well 
saturated with oxygen, it will be found that little or no putrefactive 
odour is developed — the marsh gas, the sulphuretted hydrogen and 
other dmilar substances, as they are set free, rapidly combining with 
oxygen to form carbonic acid gas and water, sulphuric acid, etc., and 
the nitrogenous substances in a similar fashion becoming oxidized 
into nitrous and nitric acids. In the soil these acids combine with the 
various basic substances — lime, magnesia and the like— and are thus 
rapidly removed (from the chemical point of view) and the way is 
left clear for the formation of fresh batches of similar substances. 

In anaerobic putrefaction, on the other hand, the process does not go 
on in this unobtrusive fashion. The anaercfbic organisms, having as it 
were, to wrest their oxygen from the organic molecules, because there is 
no free oxygen present, set up a much greater molecular disturbance, 
and the products of the decomposition — such as sulphuretted hydrogen, 
marsh gas and ammonia — are thrown off in an unoxidized condition, 
and in the free form. They are no longer seized upon in the nascent 
condition, and thus, unless oxidized, become comparatively stable, giving 
rise to the putrefactive odours so characteristic of rapid anaerobic 
putrefaction. 

The Action of the Dibdin Filters. 

First of all it is evident that the sewage brings nutriment to the 
vigorous micro-organisms that are growing in the filter. In flowing into 
the filter the sewage probably takes up a certain amount of oxygen, but 
this cannot play any very important part in bringing about oxida ion. 
As soon as the sewage comes in contact with the micro-organisms the 
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organic matter ia at once attacked by them whether they be aerobic 
organisms, which many of them are, especially those near the 
surface, or anaerobac organisms, those in the depth of the filter. 
As a result of the action of micro-organisms, some of which require 
carbon and nitiogen from the sewage and oxygen from the air, 
others of which take all they require from the sewage itself, the 
substances of which sewage is composed are broken down, and even 
those parts of the molecules not used by the micro-organisms are so 
re-arranged that in the presence of oxygen they are readily oxidized. 
When the filter is full, however, there can be little oxygen in the filter 
for the reason that the organisms are acting so vigorously that they 
utilize a certain quantity of the oxygen, whilst their products rapidly 
combine with the remainder, so that to the extent of the amount of 
oxygen that can be brought into such a filter, oxidation takes place. 
As soon as the oxygen has been used up the anaerobic organisms 
appear to come into vigorous action and to bring about a disintegration 
of both nitrogenous and carbonaceous substances. When the filter is 
emptied part of these altered substances pass out with the effluent, and 
are rapidly oxidized. A considerable quantity of fluid, however, 
remains in the filter, attached to the coke, and many of the products of 
the disintegration brought about by the micro -organisms remain in the 
immediate neighbourhood of these micro-organisms. As air is drawn 
into the filter when the filter is emptied many of these products {which 
are very greedy of oxygen) become oxidized, and it will be found 
that after such a filter has been standing "empty" some httle time that a 
lat^e quantity of carbonic acid gas and a small quantity .of ammonia has 
taken the place of the oxygen, and it is evident that the process of 
oxidisation goes on actively while the filter is "empty;" as soon, however, 
as the oxygen is used up the filter again becomes an anaerobic bed, so 
that only a certain period of rest appears to be necessary in order that the 
best work may be got out of this filter. The main points to be borne in 
mind in the working of such a filter as this are (i) that there shall be 
a sufficient number of micro-organisms of high vitality and activity in 
the filter. Such a condition can only be attained by careful prepara- 
tion of the filter bed, and it must not be expected that a coke breeze 
filter can be called upon to do work at once, (2) That the material 
supphed to it shall for the most part be in solution or in fine particles so 
that there may be no mechanical clogging, especially of the surface of 
the filter, as clogging of the surface must necessarily interfere with the 
access of oxygen to the deeper layers of the filter. (3) The materials 
presented to this filter must only have been subjected to the anaerobic 
process for a sufiicient period to ensure the breaking up of the organic 
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material into ammonia, as it appears that if the anaerobic process be pro- 
longed beyond that point, increasing quantities of substances, which 
have a deleterious action on the micro-oi^anisms both in the anaerobic 
tank itself and on the aerobic organisms in the coke filter, are formed. 

The Work of the Anaerobic and Aerobic Organisms. 

In all the "filter beds" I have examined I have been able to trace the 
influence of both anaerobic and aerobic bacteria ; these two groups of 
organisms playing very important parts, perfectly distinct and occurring 
at entirely different stages of the process of disintegration. 

It is evideftt that these two groups of organisms, if the best results are 
to be obtained in a confined space, must in the main be kept separate up 
to a certain point, at any rate. So far as we can see at present the 
anaerobic process is that which Is first necessary; this should be allowed 
to go on up to such a stage that the nitrogenous substances are broken 
down and there is the production of ammonia ; beyond this point this 
stage of the process should not be allowed to go, otherwise a number 
of substances appear to be formed in such quantities that they interfere 
in a most marked degree with the subsequent acdon, which it is desired 
to be brought about by the second group — the aerobic micro-organisms — 
to which organisms even in comparatively small quantities they appear 
to act as poisons. The anaerobic changes, usually spoken of as "putre- 
factive," require to be very carefully controlled, and it has been evident 
to me throughout that this anaerobic phase is often carried too far, with 
the result that the aerobic nitrifying changes are greatly delayed in the 
subsequent treatment of the sewage. 

In my experiments I have taken the amount of ammonia formed as a 
measure of the disintegrative change that is going on, as one finds that 
the amount of ammonia produced gives a fair indication of the work that 
is being done in an anaerobic bed. Whilst the corresponding multiplica- 
tion of the anaerobic organisms affords evidence as to the nature of the 
working activity of the bed it has been found in practice, as already noted, 
that if this anaerobic process is carried too far, that is, if the fixed oxygen ~ 
from the organic material is all used up, there comes to be a re-arrange- 
ment of the nitrogenous material, and along with this there is a combina- 
tion beiween the carbon, carbo-hydrates, the nitrogen of the nitrogenous 
material, the hydrogen from both, and the formation of distincdy 
poisonous substances — other than ammonia, marsh gas, carbon di-oxide 
and water — various carbon nitrogen compounds (amines, amides, etc.) 
and other combinations, in small quantities which, however, exert a 
deleterious effect on the further changes. 
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It seems necessary, therefore, to determine by experiment the exact 
point at which one should attempt to stop the disintegration of sewage 
iniitcriH) without the presence of free oxygen, though so far as can at 
present be gathered a twenty-four hours' storage appears to give &ir 
aver^ne results. If this process is stopped at the right stage it is found 
thitt it is an easy matter to continue the process of disintegration by 
aerobic or^rHnisms. The work done by these latter appears to be best 
indicited by the amount of nitrification that takes place: i. e., by the 
amount of nitrates that appears in the effluent from the bacteriolytic 
beds. Wherever the two processes — the anaerobic and aerobic-^are 
too closely associated, even when the organisms can live side by side, it 
is found that the rate at which the individual processes are carried on is 
to a certain extent, interfered with ; perhaps not as far as the uldmate 
results are concerned, but certainly as regards the rapidity of disintegra- 
tion and nitrificatioiL At the same time it must be remembered that 
even under the conditions above mentioned the two can never, so far 
as we can see, be kept perfecdy distinct, although it b possible to 
obtain a high degree of anaerobic change, followed by well-marked 
aerobic change, by controlling and modifying the conditions under 
which the sewage is placed as it b being broken down. Taking 
first the acdon of the anaerobic organisms it has been shewn that in 
regard to the process of putrefaction and fermentation they appear to 
do a great deal of work by the expenditure of a comparatively small 
amount of energy. They disturb the molecular constitutions of the 
more highly organized products of life, now dead material, by wrench- 
ing out (or extracting), as it were, a few molecules of oxygen, or of 
other food material for their own use, thus producing a series of unstable 
substances : substances unstable partly because of their constitution 
and partly because they are in a nascent condition, and substances 
that are readily attacked by other free molecules, especially by those of 
oxygen. A complex molecule with one or two atoms removed im- 
mediately breaks up into smaller groups, or molecules, most of which have 
free bonds of affinity, to which oxygen becomes readily attached. It is 
for the reason that we have these nascent molecules that it is necessary 
to stop the anaerobic process before the re- arrangement becomes com- 
plete, and before all the available combined oxygen is used up. One 
or two molecules of nitrogen, hydrogen or carbon are withdrawn 
from a complex molecular group, which is thus left in an unstable 
condition, or there may be the formation of a number of re-arranged 
and incompletely combined molecules, any of which may undergo 
oxidisation. It is well known that there are certain organisms (es- 
pecially those which attack cellulose) which appear to act ahnost entirely 
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in the absence of free oxygen. After this process of violent dis- 
integration or "revolution" the aerobic organisms appear to act to 
much greater advantage ; . unless, indeed, the sewage be so strong 
or the anaerobic process be carried so tar, that too great an amount 
of ammonia is produced at once or the more poisonous products 
. already referred to are formed in too great quantities. But this is 
not the only change that is going on at this stage of the process; a 
large part of the solid organic matter is peptonized ; that is the sub- 
stances at present insoluble are so far digested by the micro-organisms, 
or their products, that they are thrown into solution and so converted 
into a form in which they are more readily attacked ; in addition to 
which, this solution of the solid matter does away with any clogging of 
the filtering media in the next stages of the process. 

The aerobic organisms act on the oi^anic matter in somewhat the 
same way, but being able to grow and multiply in the presence of free 
oxygen the whole condidons for oxidisation are naturally more favour- 
able. We have the nascent molecules also formed in this instance 
because a certain amount of nitrogenous food is necessary for the 
nutrition of these aerobic organisms; the oxygen and hydrogen are 
probably derived from air and water, the carbon from carbo-hydrates. 
As a result of the separation of these carbon and nitrogen atoms we 
have a re-arrangement of the molecules just as in the case of the disin- 
tegration taking place in the anaerobic process. The molecules, with 
their free bonds are, of course, eager to take up oxygen. As there is 
plenty of oxygen available rapid and complete oxidisation is the result, 
We have an amount of "nascent" gases, etc., derived from the breaking 
down organic matter, the oxygen attacking these gases as they are set 
free and before they have time to subside into any other permanent or 
stable form. 

As to the Septic Tank Process. 

The difficulty of breaking down the solid matter of sewage so as to 
bring the constituents into solution has for long been one with which 
engineers have had to contend, but in the tanks provided in this and the 
Scott-Moncrieff systems, this difficulty has, to a large extent, been over- 
come, and overcome, apparently, by means of micro-organisms with the 
power of digesting such portions of organic matter as have not been 
dealt with in the human stomach and intestines. When the solid matter 
passes into the tank part falls to the bottom and part comes to the sur- 
fece, whilst even that which sinks appears after a time to be brought to 
the surface, as gas in considerable quantity is set free or developed, the 
gas tending to break down solid particles and adhering to the smaller 
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particles to carry them to the suriace. On examining the sediment 
taken from the bottom of the tank only a small quaatity of granular 
material and a few broken down fibrils could be found. The leathery 
mass at the the suriace of the tank, which disappears in summer but in 
winter forms a covering of from i to 4 inches thick, contains a large 
number of bubbles of gas in its substance, while as seen from the in- 
spection well, and from the manholes, streaks and areas of liquefaction 
of considerable size are to be seen on the upper surface. A similar pro- 
cess of liquefaction is evidently going on on the surface, as, although 
bubbles of gas are constanUy rising, small particles of cellulose appear 
to be as constantly falling to the bottom of the tank, indicating that the 
solid matter is being broken down, some of the organic matter is being 
converted into gas ; some is also being thrown into solution — for ex- 
ample, it was found that raw sewage contained 46.8 parts per 100,000 of 
total solids, whilst the tank effluent, as the result of the changes that 
had taken place in the tank, contained not less solids, but more (48.6 
per 100,000), so that although there was undoubtedly a breaking down 
of organic matter, as evidenced by the presence of gas in the tank, there 
was still an increase of organic matter in solution. 

The great function of this tank, however, appears to be the disin- 
tegration and liquefacdon of the portions of sewage in suspension, a 
destruction especially of the cellulose which, failing to the bottom, re- 
mains longer in the tank and so can be more fully acted upon by the 
anaerobic organisms. It appears too that the urea is probably trans- 
formed into carbon dioxide and ammonia. There can be little doubt, 
from a consideration of the chemical analysis, especially of the tank 
effluent and of the filtered effluent, that a marked degree of disintegra- 
tion occurs in the septic tank,, and that considerable liquefaction takes 
place in the filter beds ; for example : 
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from which it will be seen that the following changes have taken place 
ia the sewage as it passes through the s^tic tank : (i), there is a marked 
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increase in the total solids in solution or fine suspension ; (2), there is a 
reduction of about 33 per cent, of the organic matter as measured by 
the oxygen consumed ; (3), there is an increase of about 33 per cent, in 
the free ammonia ; {4), there is a reduction of about 54 per cent, in the 
organic or albuminoid ammonia, or 50 per cent, in the organic nitrogen ; 
(5), there is a slight production of oxidized nitrogen and a disappearance 
of a small amount of the total nitrogen. It is evident then that the 
sewage is considerably altered. 

It was also found that although the dissolved carbonic acid was 
increased in quantity in the effluent there was still a giving off of 
carbonic acid gas, nitrogen, marsh gas and hydrogen from the surface of 
the tank. The increase in the amount of ammonia and of carbonic 
acid gas, which occurs in this tank along with the diminution in the 
amount of organic carbon and organic nitrogen indicates that even 
here the process of purification is commencing, and so long as these 
products can be got rid of without undergoing transformation into more 
poisonous products the anaerobic change is useful. As soon, however, 
as more complicated substances begin to be formed in larger quantities 
we have evidence that it is time to return to the aerobic fermentation ; a 
point that must be carefully watched in any experimental work that is 
carried on. A second series of samples, analysed by Dr. Rideal, gave 
practically the same results as regards percentage purification. The 
anaerobic change is checked, as far as possible, at the point at which 
the tank effluent is passed over the small aerating weir. At this point, 
no doubt, certain gases escape, and others become more fully oxidized, 
so that we have some of the "waste products" oxidized before they 
come in contact with the filters. 

It having been determined that certain chemical changes take place, 
it is necessary to see whether we have any collateral evidence as to the 
nature of these changes, and the means by which they are brought 
about. The first point was to determine whether these different sets of 
micro-organisms (anaerobic and aerobic) were present at the various 
Stages of the process ; whether, and (2), under what conditions, they 
undergo multiplication, and (3), whether it was possible by means of 
chemical and bacteriological examination to notice any association or 
relation between the two. By means of a series of bacteriological 
examinations it was found that large numbers of liquefying and non- 
liquefying anaerobic organisms, many of them gas -producing, were 
present in the crude sewage and in the septic tank, whilst small numbers 
of these same organisms were found in the tank effluent and in the 
filtered effluent. 
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Nnmber and Nature of Aoaerobio Organisms fonnd la Different Samples 
of Exeter Sewage. 



No. of non-liqneff- 
inj; organisms 
present per o. c. 



Crude sewage.. . 
Septic tank 

Tank effluent... 

Filter effluent (end 
of filtration) 

Filter effluent, W 
A, after running 3 
minntea 



300,000, some flnoresoing ai 
manj of them gas -producing. 

200,000 to 300,000 (15,000 rapidly 

liquefying). 
40,000. 

100,000, 



70,000 (5,000 liquefying rapidly). 



600,000 to 700,000. 



It was especially noticed that in the crude sewage fluorescent and gas- 
producing organisms were present in greatest numbers, whilst in the 
septic tank there was a large number of rapidly liquefying organisms, 
the largest number of anaerobic organisms was separated from the crude 
sewage, and in addition to the fljorescing and gas-producing organisms, 
which were present in large numbers, the sulphur bacillus, a most char- 
acteristic sewage organism, was present in large numbers, the non- 
liquefying anaerobic organisms were also present in largest numbers in 
the crude sewage, and in the sewage taken from the septic tank the num- 
ber of anaerobic organisms had certainly not increased, so far, at any 
rate, as they could be cultivated, but the number of rapidly liquefying 
organisms, i, e. those that break down or digest the gelatine very 
readily, had increased so much in number that it was difficult to examine 
the roll lubes because of the rapid liquefaction of the gelatine to which 
the tank effluent has been added. In the filtered effluent the number of 
liquefying anaerobic organisms had fallen very considerably ; there was 
also a fall in the non- liquefying anaerobic organisms. This proportion 
was not maintained in another sample as regards the non -liquefying 
organisms, but the fall in the number of liquefying organisms was 
marked in every specimen examined. The aerobic organisms are also 
found in large numbers, in fact the largest numbers, in the crude sewage 
and in the tank contents, the highest number of non-liquefying organ- 
isms is found in the crude sewage and in the tank contents, whilst the 
number in the filtered effluent varied with the rapidity at which the filter 
was emptied. 
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Nnmbei and Nature of Aerobic Organisms fonad in Toiions fiamplea of 

Exeter Sewage. 







No. of liquefying organisms 
present per c. c, 


No. ofnon-liquefy. 
ing organisms 

present per o. c. 




300,000 to 500,000. 

150,000 to 200,000(15,000 rapidly 
liquefying). 

300,000 to 100,000. 

100,000. 




Septic tank 


3 to 5 millioDH. 


Filter effluent 

of filtrAtion) 
Filter efflnent, 
A, after tat 
off for tliree 
utes 


(end 




Well 
uing 
roin 


8 to 5 millions. 



Having now determined that these organisms of both types were 
present, it was necessary to determine whether the various organisms 
separated would grow in the effluent or aot. With this object in view 
a quantity of the filtered effluent was passed through a Chambecland 
filter and decanted into a series of large sterile tubes. These were 
seeded with samples of the various organisms, separated into pure 
cultures. Duplicate sets of such tubes were made in each case. Thirty 
C. c. of the sterile filtrate was inoculated from a gelatine culture of a 
special organism ; plate cultivations were made from these dilutions at 
the end of twenty-four hours, by which time certain multiplication will 
have taken place and groups of organisms will have become broken 
down into their constituent organisms. Five days later plates were 
again made from the same tubes in order to determine what degree of 
multiplication had gone on in the interval, it being ai^ed that should 
multiplicadon of organisms take place there must be some breaking 
down of the organic matter contained in the sewage. In every case but 
one multiplication had to be reckoned almost in millions, the numbers 
sometimes running up from 300,000 to 2 and 3 hundred millions. In 
one case, however, it was only from 600,000 to 20 or 30 millions. 
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Source of Oiganism. 

Crude sewage No. 1 

'■ 2 

" "3 

"4 

'■ " 5 

Tankefflaent " 6 

"7 

" "8 

Mixture of Organisms.. . 



Control 24 bonia. 



200.000 to 400,000. 
200,000. 

60,000 to 80,000. 
600,000 to 700,000. 
More than 2 millions. 
600,000 to 700,000. 
600,000 to 700,000. 
1,400,000 to 1,600,000. 
200,000. 



6 to 10 millions. 
200 to 300 millions. 
30 to 40 millions. 
1,000 millions. 
1,000 millions. 
Several 1,000 millions. 
20 to 30 millions. 
40 to 50 millions. 
Veryn 



These estimates only give general indications as to the nature of the 
processes, going on, but they may be accepted, when taken in conjunction 
with the following figures, as especially shewing that most of the organ- 
isms grow with great rapidity in the sewage as it b found in the tank. 
It should be noted that there was the most rapid multiplication in the 
cases of samples Nos. 4, 5 and 6,'and in the case of a mixture of organ- 
isms taken from several cultures; thus indicating that in these samples 
we must probably look for the most active chemical changes. The 
mixture of organisms caused rapid liquefaction of gelatine and coagula- 
tion of milk, this latter being followed by peptonization and liquefaction 
of the casein. 

It is well known that nitrates and nitrites increase in quantity if 
sewage effluents are kept for some time before they are examined. In 
the tank effluent under observation nitrates and nitrites were present in 
very small quantities when perfectly fresh. In order to determine how 
far the increase of nitrates observed was brought about by different 
micro-organisms, samples of the tank effluent were filtered through 
Pasteur Chamberland filters into sterile flasks and tubes. After these 
had been kept for some time and the sterility of their contents tested, 
they were seeded with cultures of the various organisms, separated by 
the plate-culture method. Duplicate sets were made. These were 
allowed to grow at the ordinary temperature ; one set being examined 
at the end of three, the other at the end of six days. In one series of 
experiments there was a very great increase in the amount of nitrates 
found. There was in nearly every case decrease of nitrites, this varying 
considerably in different cases, but being most pronounced where the 
nitrates were highest The results obtained, however, correspond fcdrly 
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in all three sets of speinmens ; the process of nitrification or the forma- 
tion of nitrates going on with considerable activity although the sterile 
filtrate remained absolutely stationary. 



Shewing amount of nitrogen as nitric and nitrons acid in sterile filtered tank 

effluent and Id the same eMnent to which varioas micro-organ isms and 

mixta res were added, growth being allowed to go on for six days. 



Sterile tank effli 

Uo. + organisms from 

sewage No. 1 

No. 2, 
No, 3. 



Do. 



No. 



No. 5, 
Tank effluent No. 6. 
Do. No. 7 
Do. Ko. 8. ... 
Mixture of 3 oigauisms. 
Mixtures of all the organ 
isms separated 




Relative amount 
of N. as nitrous 
acid, 10 being 
taken as the 
standard of meas- 
urement. 



• Compare these figures with those similarly marked in Table 6, 
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In one or two cases a pure culture of a single organism gives as high 
an amount of oxydized nitragen as does inoculation of the whole or 
several organisms contained in the effluent. It seems to be necessary 
for the disintegration of cellulose and other resistent organic matter, that 
it should be in contact in concentrated form with the micro-organisms in 
the tank for a lengthened period. Owing to the slow flow of the sewage 
through the tank the solid matter is not stirred up except by such gas 
as is formed, and consequently only lighter particles that have been 
partially decomposed are brought to the surface after they have been 
settied. 

The Dibdin Filters when dealing with Septic Tank Effluent. 

I have examined samples of the coke breeze ; samples of the tank 
effluent before it goes into the filter, and samples of the filtrate effluent, 
with the object of determining approximately the number and (he gen- 
eral nature of the organisms found at these various points in the filter 
beds, especially at the surface. 

Aerobic organisms are here present in considerable numbers, but 
anaerobic organisms are also present, probably washed over from the 
filter tank ; in the deeper layers of the filter beds these latter are, as 
it were, indigenous. It is evident from the conditions under which 
the two processes in the tank and in the filter are carried on, that there 
are both facultative aerobes and anaerobes amongst the micro-organisms 
doing the work, and that although it is possible to group the processes 
generally it is impossible under present conditions to draw a sharp line 
of determination between the two sets of organisms. When the sewage 
comes from the tank it is, as we have seen, first aerated and then passed 
into the filter so that the bulk of it in its passage downwards comes in 
contact with a considerable surface of the filtering material, trick- 
ling down slowly and carrying with it the oxygen that has already been 
taken up and intanglinga still further amount to be immediately utilized. 
In summer, when there are periods of dry weather followed by heavy 
rains and then again by a dry period, the stay in the filter would not 
correspond to the strength. Owing to the time that it takes for the 
sewage to pass through the tank it is probable that this full period 
might be very materially shortened, and that the filter might be dis- 
charged as soon as the oxygen contained in it is used up, as it has been 
found that even during the period that the filter is filling the proportion 
of carbon dioxide is enormously increased even in the upper layers of 
the filter; this in itself affording strong proof that the organisms in the 
filter are extremely active, and are attacking the carbo-hydrates and break- 
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ing them down rapidly. It must, therefore, not be assumed that the 
whole, or even the greater part, of the changes take place whilst the filter 
bed is full ; indeed it appears that the micro- oi^anisms on the suriace of 
the filtering material are probably more active during the stage that air 
is being drawn into the filter as it is emptied from the bottom than dur- 
ing the time that the filter is full. The process must then be looked 
upon as mechanical only in so far as the fine filtering material attracts 
all suspended matter to the mass of actively growing micro-organisms on 
its surface. In addition to this a considerable part of the organic mat- 
ter in solution is taken up by the layers of micro-organisms as the filtered 
material slowly trickles over the exposed surfaces of the filtering medium. 
If there could be an excess of oxygen kept in the filter there seems no 
reason to doubt that the whole of the organic matter might be eonverted 
into nitrates and nitrites ; matter which at present appears to be con- 
verted rather into ammonia, and perhaps some free nitrogen. One of the 
great advantages of emptying and refilling the filter is that the products 
of deposition, which might interfere with the activity of the aerobic 
organisms are regularly washed away, each discharge of the filter remov- 
ing these products and leaving the organisms free to deal with the next 
batch of sewage as soon as it is thrown in, so that here the conditions 
for the continuous activity of the micro-organisms are exceptionally 
favourable. The sewage brings a large quantity of food supply, mosdv 
insoluble and rapidly attacked, whilst at each emptying of the filter the 
effete products, which usually play such an important part in interfering 
with the activity of the micro-organisms, are washed away. 

These effete products are the nitric and nitrous acids, carbon dioxide 
in solution, ammonia in solution and some of the gases already referred 
to. It must be remembered in this connection that the effluent must 
not be judged on the basis of a drinking water ; it must be judged rather 
on the amount of readily oxidisable materials that it contains, and on the 
facilities that there are for rapid oxydation of these substances into those 
of more stable character. Whether the eiRuentbe thrown onto land or 
discharged into well- oxygenated water (especially if this be tidal or sea) 
the criterion as to the fitness of the fluid to be discharged must be the 
proportion of oxidisable substances that have taken the place of the 
original organic matter in the sewage and the relation of nitrogen to 
chlorine must always be considered in connection with the proportions 
of oxidisable and non- oxidisable nitrogen. If the proportion of oxi- 
disable or oxidised nitrogen be low, the filters are not doing their work 
properly; if the proportion be high the mere total amount of nitrogen is 
not of great importance, as the filters are doing what is required of them. 
They are breaking down the organic matter into such a condition that 
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it will rapidly become mineralized in the soil or in well-oxygenated 
water. The results of oxydation are so marked that a more complete 
saturation of the tank effluent with oxygen before it is allowed to pass 
into the filter might accelerate the process. This m^ht be done by 
increasing the length of the channel and increasing the number of weirs. 
Such solids as remain in the tank effluent are kept back on the films 
covering the coke breeze, and at the same time organic mattar in solution 
appears to be taken up by the organisms in these films as the fluid trickles 
through the filter. The organic matter thus brought, practically serves 
as fresh food for the micro-organisms by which it is disbtegrated ; part of 
it being used up by the organisms and part passing intosolution, or passing 
off in the form of the various gases found in the filter. These changes 
go on so long as any oxygen remains in the filter, whether it be 
full or empty of sewage. Naturally, therefore, when the filter is full 
there can be no access of fresh oxygen from the outside, and what is 
there is soon used up as the filter is empty, therefore fresh oxygen is 
brought, and at the same time the effete products, which prevent further 
action of the micro-organisms, are washed away and the organisms are 
left free to act upon the next batch of food that is supplied to it. The 
filters, therefore, are probably acting most actively during the period 
that they are empty. Peptonisation, liquefaction and digestion of the 
solid organic matter goes on very rapidly, both in the septic tank and 
in the filters. The filter beds do not get clogged, and will run almost 
continuously (intermittently) so long as the period necessary for full 
aeration is allowed between each discharge of tank effluent. Admitting 
that the general indications go to shew that the filter only does its best 
work when the number of micro-organisms deposited on the surface of 
the filtering material has become sufficiently large and when they receive 
a full supply of oxygen, it appears probable that the organisms carrying 
on the work of disintegration of sewage are almost entirely of a non- 
pathogenic character. The organic matter in the filtered efHuent is in 
such a highly unstable and rapidly oxidisable condition that it appears 
to be suitable for discharge on to land or into a targe volume of well- 
oxygenated water, especially when such water is not to be used for 
drinking purposes. 

j4s lo the Influence of Variations in the Flow of Sewage. 

As soon as the whole of the sewage from any area came to be 
treated it was evident that it was impossible to obtain the best results 
imless the flow could be made regular, as the filter beds would have to 
be made capable of domg the full amoimt of work required of them 
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during tbe period that there is the greatest flow of sewage ; during the 
remainder of the day they would be workit^ with a great waste of 
energy, while if, on the other hand, they were constructed for the pur- 
pose of taking the average amount of sewage, they would, at one part 
of the day, be overworked and sending out a bad effluent, whilst at other 
parts they would be called upon to do less than they could actually per- 
form. It is not as if it were possible as in the case of chemical precipi- 
tation or chemical treatment of any kind, or even in irrigation work, to 
increase the amount of chemicals as the sewage increases, or throw the 
sewage on a larger area of land. When a filter bed becomes thoroughly 
ripe, that is, when the micro-organisms in it are acting most efficiently, 
there is one quantity of sewage and one alone from which the best and 
most economical results will be obtained ; this quantity should always 
be kept running on to the filter beds. 

General Conclusions. 

It is evident from all these observations : 

(i.) That these biolt^ical beds, whether anaerobic or aerobic, all 
require a certain period during which tbe micro-organisms may multiply 
and become active. . 

(2.) That if the best work is to be got out of these " filter beds," 
they should be kept in as stable a condition as possible, L e., the anae- 
robic filter should always be worked under anaerobic conditions, and the 
aerobic filter under aerobic conditions. Otherwise the special organisms 
concerned in the special processes become weakened and the filter no 
longer does its work properly. 

(3.) This being the case it is obvious that whatever form of filter be 
used, it must be gradually worked up to its best, and then the conditions 
under which this " best" is obtained, carefully maintained. 

(4.) It does not seem to matter what form the anerobic bed may 
take, and twelve hours in a full sewer was in one case quite sufficient to 
bring about the necessary anaerobic changes — liquefaction and ammonia 
formation ; but the conditions under which the aerobic changes are 
carried on should be more carefully attended to, and so &r as my ex- 
perience goes, the separated well aerated trays give better results than 
any of the other filter beds examined, though I believe that Lowcock's 
or Ducat's methods may, other things being equal, give extremely good 
results. Complete and rapid aeration in the presence of numerous and 
vigorous aerobic micro-organisms should certainly give the best results, 
especially if the constituent molecules of organic matter can be presented 
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to the action of these aerobic organisms very quickly after the disruptive 
anaerobic process has been initiated. 

(5 ) Sewage to be efficiently treated by the bacteriolytic method 
should not be worked upon in too concentrated a form, whilst dilution 
between the two stages of purification and then again after the second 
process will always ensure more rapid oxidation of the products of 
decomposition.' 

(6.) One of the means that we have of learning indirectly the power 
of doing liquefying work in the disintegration of the organic matter is to 
determine the relative number and activity of the liquefying organisms 
that are met with in the aerobic and anaerobic areas. Speaking roughly, 
and taking several analyses as the basis for calculation, one finds that the 
rapidly liquefying organisms are, anaerobic to aerobic, as three to one. 
That is, taking a hundred anaerobic organisms, one would find that on 
an average thirty of these are actively liquefying organisms, i.e., they have 
the power of peptonistng gelatine, and probably also of digesting similar 
nitrogenous substances ; whilst of one hundred aerobic organisms only 
ten would be endowed with a similar power of digesting this organic 
matter. This is probably the reason that the anaerobic organisms are 
more useful in the early stage of the process, where it is necessary to 
throw the solids into solution ; for, until this state b reached, it is impos- 
sible to attempt to act rapidly upon the sewage in bulk by means of micro- 
organisms. 

G. SIMS WOODHEAD. 
24th December, 1898. 
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"THE PURIFICATION OF SEWAGE BY BACTERIAL 
OXIDATION." 

This name 13 given to a protected process developed by the late 
Col. Geo. E. Waring, Jr. The process is based upon results obtained 
by experiments made by him at Newport, Rhode Island, in 1894. 
Without describing these, the conclusions reached by him may be 
summed up as follows : 

I. The suspended matters in sewage may be retained bystrainii^ 
through some coarse material and subsequently completely destroyed 
by aeration. 

a. If conducted intermittently the process may be carried on indefi- 
nitely without renewal of material, and the effluent will compare with 
that from chemical precipitation plants. 

3. By passing the effluent constantly through aerated filter beds of 
proper design, " practically all of the dissolved organic matter in sewage 
can be removed, and purification to a drinking water standard can be 
obtained." 

Since these experiments were made, disposal works on this plan have 
been installed at Willow Grove Park, near Philadelphia ; Tuxedo Park, 
N.J,; Homewood, a suburb of Brooklyn, N. Y.; Albion, N. Y., and 
East Cleveland, Ohio. 

The Willow Grove plant serves a park of that name established by 
the Philadelphia Traction Co. as a suburban pleasure resort Through 
the courtesy of Mr. John B. Parsons, President and General Manager, 
and Mr. W. S. Twining, the Chief Engineei; of the Company, a visit 
was made to inspect the plant. 

Designed for a flow of from 80,000 to 100,000 gallons of sewage 
per day, the maximum rate up to the visit referred to, had approxi- 
mated 160,000 gallons per day. The amount fluctuates very greatly, 
depending on the number of persons who happen to be attracted to the 
place for the fracdon of a day, and, as it comes principally fi^m after- 
noon and evening visitors, and with no trade refuse, it cannot be classed 
fts a normal sewage. 

(125) 
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It ia delivered first to a receiving well, (Plate XIV.,) having a capacity of 
some 12,000 gallons, where it passes through two sets of screens, the 
first consisting of ^-inch iron rods spaced % inch apart, and the second 
a netting of galvanized iron with a ^-inch mesh. The former inter- 
cepts all coarse papers, rags, lemon-peels, etc. The finer screens were 
said to require cleaning but about twice in the season of about four 
months, while during that time about a foot in depth of sludge accumu- 
lated in, and is removed from, the bottom of the well. 

From the receiving Aell the sewage is pumped to distributing tanks 
placed above the roof of the well-house. These serve to equalize the 
flow by storing sewage received when the discharge is heavy, and 
delivering it during hours of minimum flow. 

From the tanks the sewage flows to what are termed strainers. There 
are three of these, 22 feet by 32 feet in plan, each divided by a par- 
tition wall into two equal parts ; suitable openings along the bottom of 
these walls leave a certain space through which the sewage may flow. 
Both parts of the strainer are filled with stone, broken to sizes of from 
^ inch to I inch, to a depth of two feet, under which are laid several 
lines of hollow tiles with open joints, which collect the effiuent. Enler- 
ii^ the outer compartment of one ijf these strainers, the sewage passes 
down, depositing its sludge on the broken stone by the way, and then 
under the partition wall and up through the other compartment. 

The efduent, which is now practically deprived of its solid matter, 
passes into perforated channels by which it is distributed over the sur- 
face of aerators, so called, of which there are four, 24 feet by 32 feet in 
plan. These are filled with coke crushed to the size of peas, covered 
with a layer of sand to a total depth of five feet. The coke rests upon 
a layer of hollow tiling which collects the filtrate. The tiles are laid 
close, but without cement, over the entire floor of the aerator. The 
filtrate is, after passing through a well used for testing purposes, delivered 
into an ornamental pond, whence the water is pumped for sprinkling 
the roadways and lawns. 

The three strainers are used in rotation, one filling while the next is 
emptying, and the third lying idle or being cleaned. After a strainer is 
clogged with sludge it is cut out from the others and drained ; then air, 
under a pressure of about three ounces, is forced through the hollow drain 
tiles, and finds its escape through the sludge -covered stone, permeating 
it and oxidizing the impuriries, so that it is left comparatively clean, dry 
and without offensive odor. A certain amount of sediment appeared 
to remain on the broken stone, but more in the nature of dry earth than 
sludge. The water which has been drawn off from the strainer is added 
to the crude sewage and undergoes treatment again. 
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The flow through the coke filters or aerators is continuous, and, as in 
the strainers, the drain tiles serve as carriers for the compressed air. 
This is forced up through the filtering liquid, stimulating the bacterial 
action by which the oi^nic matter remaining in solution is oxidized, 
and controlling by its pressure the rapidity of filtration. 

The effluent when seen was slightly opalescent, but is said to be fre- 
quently taken from the collecting well as a beverage with no harmful 
results.' 

There are air vents running up through the top layer of the aerators 
to prevent a disturbance of the ^tering material from an excess of air 
pressure. The air appeared in bubbles fairly distributed over the sur- 
&ce of the aerators where there was a considerable growth of green 
algae. 

But two men are required to attend to the work during the busy 
season. 

The Willow Grove Park plant serves as a type of this system, but, 
being the first of its kind, experience has indicated improvements as to 
details by the adoption of which a yet higher efficiency, it is claimed, 
may be attained. It has been suggested as preferable, for instance, to 
provide independent ducts for the compressed air and the effluent from 
strainers and aerators. The relative proportions of the two pans of the 
strainers, their depth and the depth of the aerators are also points con- 
cerning which there is probably required more definite knowledge, to be 
had only by experience, in order to obtain the best results. 

Experience, too, appears to be lacking in order to predict with any 
certainty the cost of operation. With the Willow Grove plant the power 
required for the fans and pumps was supplied from the Traction Com- 
pany's power-Jiouse, and so its cost would be no criterion for other 
works; but aside firom this the expense was not great, probably less 
than $1 ,ooo for the season. 

Although similar in many respects to Lowcock's system, it differs 
from the latter in that it deals with crude sewage, the sludge as well as 
the dissolved impurities being disposed of by forced aeration, whereas 
the Lowcock filter would clc^ if the solids were not previously disposed 
of by chemical precipitation. 
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THE PENNSYLVANIA SANITATION COMPANY'S METHOD 
OF SEWAGE PURIFICATION. 

This process, which consists in a combinatioQ of Mration and filtration, 
may be best illustrated by describing the plant in use at Reading, Pa., 
where, so far as we are informed, is the only establishment as yet under- 
taken by this Company. Through the courtesy of the City Engineer, Mr. 
Samuel S. HofT, an inspection of the plant was recently made and data 
concerning its operation obtained. 

The population of Reading today is estimated at between 70 and So 
thousand, of which perhaps one-tenth only are, as yet, connected with 
the scwersi The separate system of collection has been adopted and the 
volume now treated averages about two million gallons per day. 

The sewage enters one of two screen chambers, each 20 feet in 
diameter, at the pumping station, where it is distributed from the 54-inch 
sewer upon a layer of coke broken to a size of from 2 to j inches. This 
layer is la inches thick and is enclosed between gratings of wrought- 
iron bars. The upper grating may be raised in sections for the removal 
and renewal of the coke. It is covered with a wire netting, which inter- 
cepts such grosser matter as finds its way to the pumping station. 

Each of the two chambers contains 4j4 tons of coke. This Is used until 
clt^ged so as to impede the proper flow of sewage, and is then removed, 
drained, dried by steam, mixed with bituminous coal and burned under 
the boilers. If left exposed for any length of time it soon becomes very 
offensive. From 18 to 20 tons of coke are used in this way per month. 

From the screen chambers the sewage is pumped through a cast-iron 
main under the Schuylkill River to the filters. There are two of these, 
one supported above the other. The upper filter consists of ten beds, 
35 X 50 feet in size, and is composed of 14 or 15 inches of sand laid on 
6 mches of cinder from J^ inch to 2 inches in diameter. Th& whole is 
supported by a grating of ?^-inch wrought-iron pipe. 

The force main runs along and above the centre of the filter and 
discharges the sewage through ordinary gate valves to laterals consisting 
of 8-inch galvanized iron pipes placed between the separate beds, and 
these in turn discharge to semi-circular galvanized iron channels 6 inches 
in diameter, spaced 4 feet apart. The sewage flows over the edges of 
these channels onto wooden gratings partly covered with sheet-iron, 
(129) 
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whicli serve to distribute the sewage over the sand and prevent the 
washing of its suriace. 

The sewage is delivered cootiauously to about six of the ten com- 
partments until, with a depth of a foot above the filter, the flow is too 
gready impeded in any compartment. This is then drained, a thin slice 
taken off the sand by a shovel, and then the whole well spaded and 
re-surfaced with fresh sand. This is generally found necessary after 
about 30 hours application of sewage. 

Passing the upper filter, which is supported on cast-iron columns, the 
effluent drops 10 feet as a shower to the surface of the lower filter. 
This is composed of 2 feet of sand on top of 8 inches of coarse slag, 
the whole resting on a bed of concrete. Drainage channels averaging 
13 inches by 8 inches cross this bed at intervals of 12^ feet to afford 
aeration as well as drainage. They are covered with iron gratings and 
terminate at their upper ends with vent pipes extending through the 
surface of the filter. The effluent passes from these chaanels to a 
concrete efHuent channel, which conveys it to the river bank. The 
lower filter is cleaned twice a year, which operation takes some 20 hours, 
and during this time the sewage passes to the river untreated. 

The total area covered by each filter is 0.287 a'^^e, so that the average 
rate of filtration now approximates 7 million gallons per day ger acre of 
each filter. 

The elHuent from the filter to the river appeared limpid and pure, and 
the channel, including a paved slope to the nver water, was clean and 
with but slight evidence of sewage fungus among the green mosses just 
at the end of the channel. A sample taken in a glass showed a small 
amount of fine flocculent matter, but was without other evidence of 
impurity, and was said to be occasionally used as a beverage. 

Unfortunately, no analyses have been made of the effluent while 
working under present conditions, so that the only ones available are 
not considered of sufficient value to insert here in full, although it may be 
stated that in the two analyses made 10 and so days, respectively, after 
the works were put in operation the reduction tn albuminoid ammonia 
and bacteria were as follows :* 

Sample I. S&mfle II. 

Albuminoid AmmODia. Albuminoid Ammonia. 

FortB per 100.000 Bacteria. Parts per 100.000 Bacteria. 

Cradesewage O.UO 27,233.8 0.730 49,867.3 

After coke screeuiiig. 0.090 19,152,4 0.060 16,542.7 

" passiug npper bed (1.030 516.6 0.025 232.6 

■' aeration 0.015 126.0 0.040 81.2 

'■ passing lower bed.. . . 0.025 ' 23.0 0.055 0.2 

■See Engineering News, January 27, 1896. 
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A marked purification is seen to result from the preliminary process 
of straining, chiefly due, in all probability, to the solids retained in the 
coke rather than to any actual alteration in either the sewage or sludge. 
Considering the rate of filtration, if correctly given at 2 million gallons 
per day, as claimed at the time the samples were taken, the results of 
the above analyses appear remarkably satisfactory. The destruction 
of bacteria indicated as occurring during the fall of 10 feet from the 
upper filter to the other is believed to be anomalous and misleading, 
and Messrs, Emil Nuebling (Superintendent and Engineer), and Allen 
Hazcn (Consulting Engineer), in a report to the Water Commissioners 
of Reading, say : "We have not been able to discover the slightest 
reason for supposing that any bacterial purification is effected in this 
way." 

The cost of the filtration plant complete, excluding pumping plant, 
force main and land, was about $90,000, and the annual cost of main- 
tenance has been about $9,000. 

During the coldest weather of the past winter, when the thermometer 
remained about 14° below zero for several days, no ice formed on the filter 
beds except where in contact with the iron work, and this was easily 
removed. For the purpose of excluding frost the sewage was applied 
continuously to all ten beds, being interrupted only as one or more 
required cleaning. It was delivered on the filter with a temperature 
of 42°, and up to the time of reaching the effluent drains it had only 
fallen to 40° Fahr. 

It may be added that there was no appredable odor about the works. 
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THE SCOTT MONCRIEFF SYSTEM OF SEWAGE TREAT- 
MENT. 

This process has attracted much attentioa recently from the very 
fevorable results which analyses of its effluents have developed in the 
hands of competent and reliable chemists. 

The first installation of this system was at Ashtead, England, where 
the experiments, observations and analyses referred to were had. We 
learn that a plant has recently been established at Caterham, England, 
but of this we have not been able to obtain reliable information, nor was 
Mr. Manset^h more successful in this regard. 

We are dependent, therefore, for our description of the process upon 
the facts we have been enabled to collate from correspondence with 
which we have been favored by Dr. G. Sims Woodhead and Dr. 
Samuel Rideal, of London, and from such descriptions as we have 
found in various published articles in technical journals. 

Its essential features consist first in what is termed a "cultivation tank." 
This tank is filled to a depth of 14 inches with a coarse material de- 
scribed as flint chips. To the under surface of this material is intro- 
duced the collected sewage, which has previously been freed by deposi- 
tion from grease and sand. The sewage passes through this material 
by continuous upward flow and is here exposed to the action of 
anaerobic and liquefying bacteria. Thence it is conducted through a 
suitable channel to a series of filtration trays through which the partially 
treated sewage passes by gravity. 

These trays in the Ashtead installation were arranged in a series of 
nine, superposed on each other by a suitable system of framing. 

Each tray, seven inches in depth, with perforated bottom, contained 
six inches of broken coke of a size that would pass through a one-ioch 
ring. 

Between the bottom of each tray and the sur&ce of the filtering 
material in the one beneath it, an interval of from two to three inches was 
lefl. As the sewage discharged over the surface of the upper tray 
passed in thin streams through the vacant spaces and trays beneath 
the first, it was exposed at each interval to a d^ee of aeration and 
(1.13) 
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RCSOITS OF ANALYSES OF SEPTIC SElVAGC AND EFFLUCNT 
FHOtlt THE yXntOUS TRAYS OF THE SCOTT-MONCHIEFF PuANT 
AT ASHTEAD,EN6LAND, O&TAIMED THROUQH DR.^MU£L RiDEAL- 
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Kate offiltmtion about 1,200,000 eALtoNs per ache per day. 

L-nOOt^lC 



134 REPORT OF THE SEWERAGE COMMISSION. 

then to a new tiltratjon, so that the process was carried on progressively' 
as it were in distinct zones — an examination of the effluent from each 
tray clearly revealing the progress of the purification as the flow 
proceeded. 

We append hereto a table giving chemical analyses of the eflluents 
from the several successive trays, together with a graphic diagram by 
Dr. Rideal, beii^ an excerpt from his paper in the Journal of the 
Sanitary Institute, vol. xix., part iv., showing the progressive oxidation 
of the nitrc^enous matter. 

A remarkable feature of this process is that these surprisingly satis- 
factory results are obtained in something less than the ten minutes 
required for the passage of the sewage through the several trays. 



Parts pel 100,000. 



Free, lAlbumiDoid. Nitrous. I Xitric. 



9.00 


12.50 


1.50 


; 0.00 


0.120 


9.00 


10.50 1 


1.25 


0.99 


0.096 




9.00 1 


1,00 


0.90 




8.50 


5.00 


0.60 


0.78 


1.870 


8.00 


4.00 




0.66 


2.760 


7.75 


1.50 


0,15 


OAH 




8.00 


1.75 


0.35 


0.51 


4.416 


7.50 


0.35 


0.30 


' 0.00 


6.600 


7.50 


0:20 


65 


0,00 


7.320 


7.50 


0.25 1 


0.60 


1 Tt. 


9.000 



•Bngmeertng Record, Vol. XXXVin, p. 6«2. 
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RCSULTS OF ANALYSES Or SEPTIC SSIVAGC AND EFPLUCNT 
^ROM THE VAUIQUS TRAYS OF THE SCOTT-MOHCRIEFF PLANT 
AT ASHTEAD.EmiAND, OBTAINED THPOUON OR.SaMUEL RiDEAL. 
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